Vol. 1V.]-  —.. “Issued Quarterly. Single Numbers, 1/6 net. [No. 15, 
> Subscription 25/« net, per annum, post free. Volumes commence in JULY. Title and Index 
supplied with the APRIL number. Cases for Binding, 2/- net; or the Volume 

bound in Case on receipt of the four numbers, for 3/6 net. 


“Che British | 
Journal of Surgerp 


UNDER THE DIRECTION OF THE FOLLOWING 
EDITORIAL COMMITTEE : 


ane 


Sir BERKELEY G. A. MOYNIHAN (Leeds), Chairman. 


GEORGE E. ARMSTRONG (Montreal) Sir ALEXANDER MacCORMICK (Sydney) 
GILBERT BARLING (Birmingham) Sir GEO. H. MAKINS, K.C.M.G., C.B. (London) 
Sir WILLIAM BENNETT, K.C.V.O. (London) . HENRY A. MOFFAT (Capetown) 
JAMES BERRY (London) RUTHERFORD MORISON (Newcastle-on-Tyne) 
FREDERIC F..BURGHARD, C.B. (London) Sir HENRY* MORRIS, Bart. (London) 
FRANCIS. M. CAIRD (Edinburgh) - Sir THOMAS MYLES (Dublin) 
Sir W. WATSON CHEYNE, Bart., C.B. (London) R. H. PARRY (Glasgow) 

 W..H. CLAYTON-GREENE (London) D’ARCY POWER (London) 

' HERBERT S. CLOGG (London) SIDNEY W. F RICHARDSON (Capetown) 
EDRED M. CORNER (London) JAMES SHERREN (London) 
THOS. CRISP ENGLISH (London) THOMAS SINCLAIR (Belfast) 
CHARLES H. FAGGE (London) Lt.-Col. CECIL R. STEVENS (Calcutta) 
Sir RICKMAN J. GODLEE, Bart., K.C.V.O. (London) HAROLD J. STILES (Edinburgh) 
Sir A. PEARCE GOULD, K.C.V.O. (London) EDWARD H. TAYLOR (Dublin) 
W. SAMPSON HANDLEY (London) J. LYNN THOMAS, C.B. (Cardiff) 
RAYMOND JOHNSON (London) ‘ HENRY ALEXIS THOMSON (Edinburgh) 
ROBERT JONES (Liverpool) WILLIAM THORBURN, C.B. (Manchester) 
Sir ALFRED H. KEOGH, K.C.B. (D.G.A.M.S.) GEORGE E. WAUGH (London) 
Sir WILLIAM ARBUTHNOT LANE, Bart. (London) W. I. de COURCY WHEELER (Dublin) 

E. W. HEY GROVES (Bristol), Editorial Secretary. 











JANUARY, 1917 








BRISTOL: JOHN WRIGHT & SONS LTD. 
LONDON ; STATIONERS’ HALL. COURT. SIMPKIN, MARSHALL, HAMILTON, KENT & CO, LTD. 


TORONTO: THE MACMILLAN CO; OF CANADA LTD. 
CALCUTTA: BUTTERWORTH & CO, (INDIA) LTD.: THACKER, SPINK, & CO. BOMBAY: THACKER & bat LTD. 
MELBOURNE, SYDNEY, ADELAIDE, and BRISBANE: G. ROBERTSON & CO. PROPRIETARY LTD, 
SYDNEY: ANGUS & ROBERTSON LTD. NEW ZBALAND: WHITCOMBE & TOMBS LTD. 


UNITED STATES OF AMERICA: WILLIAM WOOD & CO., NEW YORK Sole Agents. 





CONTENTS 


John Woodall (with Portrait) - < : 


Monocular Blindness following Diffused Violence 
to the Skull: its Causation and Treatment 
J. HOGARTH PRINGLE 


Ambard’s Constant and its Clinical Importance, 


especially in Urinary Surgéry 
KOSHIRO NAKAGAWA 


Sacculi of the Large Intestine, with special refer- 
ence to their Relations to the Blood-vessels of 


and Remote from the Point of Injury, in Gun- 


shot Wounds of Liver, Spleen, Kidney, Intes- — 


tines, Blood-vessels, Subcutaneous Tissue ahd 
Aponeurosis, and Muscles 
CAPTAIN E. F. BASHFORD 


| Autoplastic Transplantation. of Bone in Skull 


Injuries — - . - ALBERT E. MORISON 


Acquired Diverticula, Diverticulitis, and Peridiver- 
ticulitis of the Large Intestine 

W. H. MAXWELL TELLING 

AND 0.’ C. GRUNER 


| Row re 
Investigation of Histology of the Tissues, Immediate pe 


Remarks on Effects upon Heart and Circulation 
of Wounds of Blood-vessels, and on Variations 
in the Local Physical Signs Present at Site of 
Injuries 
SURG.-GEN. SIR GEO. H. MAKINS, K.C.M.G., C.B. 531 


| Reviews and Notices of Books nae ss 552 


the Bowel Wall - - HAMILTON DRUMMOND 


On the Use of Secondary Suture 
CAPTAIN JOHN T. MORRISON 





~ Frerich Surgery in 1915 - - PROF. TUFFIER 


a 





Souttar’s “Thermos” Saline Apparatus 


For Continuous Subcutaneous Infusion and Proctoclysis. 


ca 


Designed by 


H. S. SOUTTAR, 
F.R.C.S. Eng. 





A. & H.'s ReGcisteErRED DEsIGNs. 
Recp. N9s. 594,224 AND 594,225. 





Combined Set for 
Rectal and 
Subcutaneous Infusion 
£2 16s. Od. 


No. 2 Set for 


Continuous 





No. | Set for 


Continuous 








Subcutaneous 





Proctoclysis. 





Souttar’s ‘‘Ther- 
mos’’ Saline 
Infusion Appara- 
tus, with one 
quart *‘Ther- 
mos ” Vacuum 
Flask, fitted with 
Canny Ryall’s 
Drop Regulator 
and special red 
india-rubber 
Rectal Pipe 


complete 


£2 9s. 6d. 


sien 


Telephone: 6476 Mayfair (four lines). 





SOLE MANUFACTURERS: 
ALLEN & "32,0" 
HANBURYS 


LTD. 


Makers of Surgical Instruments 
and Aseptic Hospital Furniture, 


48 WIGMORE STREET, 
CAVENDISH SQUARE, 
LONDON, W. 


DESCRIPTIVE PAMPHLET 
ON APPLICATION. 


Infusion. 


Souttar’s ‘‘Ther- 
mos’’ Saline In- | 
fusionApparatus, , 


Vacuum Flask, 
fitted with red 
india-rubber tub- 
ing (thick-walled) 
Glass ‘‘Y” Union 
and two Souttar’s 
Steel Infusion 
Needles 


complete 


£2 8s. 6d. 


Telegrams : ‘‘ Orthopedic, Wesdo, London.” 
Codes - Lieber’s, A.B.C. (Sth Edition). 














JOHN WOODALL 


JOHN WOODALL. 
1570—1643. 


JoHN WoopaLL was the link by which the great traditions of Elizabethan 
surgery were transmitted to the surgeons of the Commonwealth and Restora- 
tion : traditions which almost enabled surgery to become a profession instead 
of a trade. The Elizabethan surgeons tried to educate apprentices and prac- 
titioners alike in the rudiments of practical anatomy and of surgery. They 
aimed at the reunion of surgery with medicine, from which it had been 
divorced too long, and they endeavoured to put down quackery at a time 
when quacks were rampant. In his old age Woodall said, with much truth, 
‘“‘ For divers years last past, no other surgeon of our Nation hath published 
any book of the true practice of Surgery to benefit the younger sort, these 
my mean treatises only excepted”; and Ward, twenty years after his 
death, wrote: ‘‘ Remember to buy Woodhall’s Chirurgerie, he was a rare 
fellow in his time, doubtless.” 

.Woodall, like the Elizabethan surgeons, had seen service in the field. 
Born about 1570, he was the son of Richard Woodall of Warwick, and Mary 
his wife, the daughter of Peirse Ithell of North Wales. By a happy chance 
G. Dunn, a member of the Barber Surgeons’ Company, when asked to recom- 
mend his friend’s book, did so in a copy of very bad verses, giving details of 
his life which might otherwise have been unattainable. We learn from these 
verses that Woodall served as surgeon to Lord Willoughby’s regiment in 1591. 
He acted afterwards as surgeon to the colony of English merchants at Strodda, 
near Posen, on the Polish frontier, and was chosen as German interpreter to 
an embassy sent by Queen Elizabeth. He lived in Germany for eight years, 
and then travelled back to England, passing through France. He made a 
speciality of the plague, from which he says that he had himself suffered twice. 
He was in London in 1599, and was then admitted a member of the Barber 
Surgeons’ Company. He now visited Holland, and lodged with a Dutchman 
who made his living by counterfeiting Mithridate and Venice treacle. He 
was recalled to London by the great pestilence of 1603, when he lived in Wood 
Street, ‘‘ and left not the City when the disease was at the highest ; neither 
then did I omit to visit and cure any that desired my help, and ever since in 
some sort I have been helpful to the curing thereof.” Early in the reign of 
King James I, according to his eulogist, he 


was to Polonia sent, 
There to negotiate business of moment 
Touching the Commonwealth; And for the space 
Of foure and twenty years enjoyed the place 
Of Surgeon Generall to the East Indies 
And Hospital of Bartholomew likewise. 
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The mission to Poland here spoken of was sent to the Czar by James I 
in June, 1604. The special ambassador was Sir Thomas Smythe, ex-Sheriff of 
London and first Master of the East India Company. Sir Andrew Judd, his 
father-in-law, had been one of the founders of the Muscovy company, and 
Smythe himself was largely interested in the Muscovy trade. Woodall 
probably proved himself useful and capable during the journey, for he was 
appointed the first surgeon-general when the East India Company was con- 
verted into a joint-stock business in 1612. This appointment he owed to 
Sir Thomas Smythe, to whom he dedicated the first edition of the Surgeon’s 
Mate, published in 1617. The dedication runs: “ To the farre renowned, 
vertuous and worthy Knight Sir Thomas Smith, Governor of the East India 
Company, my singular good Patrone.” To the dedication, a portrait and 
autograph signature of Sir Thomas Smythe are prefixed. 

In 1616, Woodall was elected surgeon to St. Bartholomew’s Hospital, and 
in his treatise on gangrene he mentions several cases which came under his 
treatment there. Amongst others ‘a certain poor maid or woman called 
Ellin French who was given to pilfering, and being accused thereof by her 
master and mistress used to curse and swear and with words of execration to 
wish that if she had committed the crime she stood accused of, that then her 
legs and hands might rot off, the which thing, accordingly no doubt by the 
Providence of God, came to pass as a judgment upon her, namely that both 
her legs, almost to the gartering place, with parts of seven of her fingers did 
rot, the which wretched woman nevertheless being referred to me in Saint 
Bartholomew’s Hospital to be cured, by God’s mercy and permission I healed 
her perfectly by cutting off both the sphacelated legs in the mortified parts, 
with also part of her seven fingers all in one morning without pain, terror, or 
of any loss of blood unto her in the taking them off, and made her perfectly 
whole in a very short time, namely within three months, so mercifull is our 
God unto us vile creatures. when we are most unworthy of such his mercies. 
She is at the instant writing hereof also living.” 

In 1627 Woodall was ordered to go to Portsmouth to attend the wounded 
from the Rochelle expedition. In 1633 he served the office of Master of the 
Barber Surgeons’ Company. In 1641 he was appointed Examiner of Surgeons 
for the Services, and in September 1643 he died, leaving three sons and one 
daughter by his wife Sara Henchpole. 

Woodall’s literary reputation rests upon his three chief works: (1) The 
Surgeon’s Mate, published in quarto in 1617, 348 pages, with the epilogue :— 
“* Gentle reader I had intended much more in my love to young men to have 
written by way of instruction. . . . But time hath overtaken me so that now 
I am forced to pause a little and to see what acceptance this first part hath 
in the world and accordingly I will haste to the next. Thine in the Lord. I. W.” 
The second edition, in folio and much enlarged, was published in 1639 with 
the altered title The Surgeon’s Mate or Military and Domestique Surgery. It 
is dedicated to King Charles I, and is in reality a collected edition of Woodall’s 
works. (2) The Viaticum being the Pathway to the Surgeon’s Chest, written 
in 1626, and published by authority in 1628. A revised and enlarged version 
was issued in 1639. (3) A Treatise on the Plague, first published in 1639. The 
fourth edition was issued in 1655. (4) A Treatise of Gangrena and Sphacelos 
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JOHN WOODALL 371 
but chiefly for the Amputating or Dismembering of any member in the mortified 
part, London, 1639. Of these, the Surgeon’s Mate is the most ambitious ; 
the Viaticum the most interesting; and the T'reatise on Amputation the most 
valuable, for it governed surgical practice throughout the country for many 
years. The plague tract is ‘a pot-boiler’ recommending a cordial powder 
made of gold, and called by him Aurum Vitz: “‘whereon by God’s mercie, 
the Patient may relie, as upon a safe antidote.” 

Woodall’s name is now chiefly associated with The Surgeon’s Mate or 
Military and Domestique Surgery, because he devotes a whole section of the 
work to ‘“ The Scurvy called in Latine Scorbutum, that lamentable disease 
which hath so long and so fiercely assailed Saylers and Sea men of all sorts 
more than Land men.”’ He advocates the use of lemon-juice in the treatment 
of scurvy, but does not lay claim to any special priority. although it is often 
said that he introduced the treatment ; the truth appearing to be that his 
work had an extensive circulation for many years, and that as surgeon to the 
Kast India Company and an examiner of surgeons for the Services, he was 
able to impress his views on the younger generation. The actual words are 
‘** The next day following his bleeding, if he can beare it and if that his disease 
be with a swelling or fulnesse, give him a dose of the pills of Euphorbium or 
of Cambogia and make him some comfortable spoone meate, such as you can 
make at sea, namely an Oatmeale caudle would not be amisse of a little beere 
or wine, with the yolke of an egge and a little sugar made warme and given 
him to drinke, or any comfortable broath made with currants and other fruit, 
or spices moderately taken or with sugar or as the ship can afford a Barley 
Water for his ordinary drink were not amiss with some few drops of Cinna- 
mon water therein and also some juyce or Syrup of Lemons therein or a few 
drops of oyle of Vitrioll and some sugar and give him in his drinke by way 
of infusion dried Wormwood good store, for it is very wholesome. 

“Further, the Chirurgion or his Mate must not faile to persuade the 
Governor or Purser in all places where they touch in the Indies and may have 
it to provide themselves of juice of Oranges, Limes, or Lemons, etc., and at 
Banthame of Tamarinds. Also sometime though a man be well, a comfort- 
able caudle made with some wine, spices, sugar and the yolke of an egge were 
very good ; for these are helps in that case as well to prevent the disease as 
also to helpe it when it comes. . .. The use of the juyce of Lemons is a 
precious medicine and well tried being sound and good. It is to be taken 
each morning two or three spoonfuls and fast after it for two hours and if you 
add one spoonfull of Aqua Vite thereto to a cold stomach, it is the better. 
Some Chirurgeons also give of this juyce daily to the men in health as a pre- 
servative, which course is good, if they have store, otherwise it were best to 
keep it for need. I dare not write how good a sauce it is at meat least the 
chiefe (chef) in the ships waste it in the great Cabbins to save vinegar.” 

The other articles in the Surgeon’s Mate deal with the instruments and 
medicines in common use, with wounds and their treatment, and with the 
more common surgical diseases. He says truly enough that he was always 
“from my youth delighted in Alehymie and have opened the bodies of 
diverse minerals and familiarly of Sal, Sulphur and Mercurie to my no 
small cost and now and then some danger.”’ He devotes considerable space, 
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therefore, to a somewhat arid treatise on ‘‘ Alchymie,” with a useful table 


of alchymical symbols and their interpretations, which is however quite 
out of place. 

The Viaticum being the Pathway to the Surgeon’s Chest is intended chiefly 
for the better curing of wounds made by gunshot. Woodall sums up his 
experience in a series of pithy sentences from which the following are selected. 


Fomentations are very good medicines in Wounds with Gunshot. 
Foment not too long at any one time. 

Let all your vehicles for your medicines as tents, dossells &c. be 
soft and pleasing to your patients and cram not the wound too full at 
any time. 

No wound of Gunshot can be said to be a simple wound neither was 
there ever any artist that could truly say he healed any gunshot wound 
by the first intention. 

If discolouring, blistering or other apparent shews of a Gangrena 
appear, give the patient a Diaphoretic cordial, then scarify gently at 
first and have ready a lixivium made of water and ashes to the height 
of an ordinary lee that women use to drive bucks with [soap-suds that 
women wash clothes with] and put a reasonable quantity of common 
salt into it . . or use salt water for a fomentation. [In other words, 
Woodall recommends the use of salt just as it is now newly recommended 
to be employed. | 
Immediate amputation is advised when this operation is considered 

necessary, the bleeding being arrested by the actual cautery, “ for seldom or 
never can you make ligature of the artery or veins in a gunshot wound. Also 
he hath Landanum which may safely give 3 or 4 grains to assuage pain in 
painful wounds.”’ 

Woodall also describes the modern trephine worked by hand and with a 
removable centre pin. This instrument “ being of my own composing is 
more compendious and of more facility than is the Trepan,” which had no 
centre pin and was worked by a brace, one end of which rested against the 
surgeon’s breast. ; 


But in 1639 Woodall felt the sadness of age upon him, and the epilogue 
to the second edition of the Surgeon’s Mate differs from that of the first in 
the following words: “ Gentle Reader I had intended much more in my love 
to young men, to have written by way of instruction. . . . But time hath 
overtaken me, so that now I am forced to conclude, having run through the 
cares of sixtie-nine yeares; old age being an enemy to study, for my sight 
being weakened, my memory much impaired and my capacity utterly unable 
to performe so hard a taske. . . I rest ready to doe good so long as the 
Almightie pleaseth, willing to be Thine in the Lord. I. W.” 
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MONOCULAR BLINDNESS FOLLOWING DIFFUSED VIOLENCE 
TO THE SKULL: ITS CAUSATION AND TREATMENT. 


By J. HOGARTH PRINGLE, Gtascow. 


THAT cases occur in civil practice in which patients lose the vision of one eye 
as the result of the application of diffused violence to the skull, is a well-known 
fact; the remarkable point in connection with it is that in a very large 
number of these’ cases the traumatism is comparatively slight; in many 
cases the patient is not rendered unconscious by it. Perhaps this fact led 
to the old idea that the loss of vision was the result of reflex action through 
the fifth nerve (Beers). Later, the explanation offered was that it was due 
to ‘ concussion ’ of the optic nerve ; later still, that it was caused by injury 
to the nerve in the way of crushing, or tearing of its fibres at the foramen 
opticum, in consequence of fractures involving the foramen. This last theory 
appears to be the one most generally accepted at the present time, and was 
put forward in the first place, I believe, by Berlin, who based his writing 
upon the post-mortem findings of his friend Hélder. These concerned 126 
fractures of the skull, 88 of which involved the base ; and in 80 of them there 
was an associated fracture of the roof of the orbit. In 54 of the cases the 
fracture is said to have involved the optic foramen. Of these 54, gunshot 
injury was responsible for 42 (the weapon having been fired into the mouth 
in 34 cases), the injury was the result of a fall upon the head in 11, and in 1 
the head had been run over—all of them cases of considerable violence. Berlin 
stated that the usual site of the injury to the skull which resulted in mon- 
ocular blindness was the frontal bone, and especially the orbital ridges ;_ but 
that occasionally the root of the nose, the malar bone, the temporal, or the 
occipital region, was the recipient of the force. This includes a fairly wide 
area of the skull from which violence can be radiated to the optic foramen, 
only the parietal region being left out. 

Many other writers have followed Berlin and Holder in their view that 
the lesion was the result of a fissure of the optic foramen. Amongst them, 
Callan has been an enthusiastic supporter of this theory, and it has also been 
upheld by Rawlings in his book The Surgery of the Skull and Brain, in which 
he quotes Callan as having published 17 cases of monocular blindness produced 
in this manner, but does not give any references to the publications. I only 
know of 9 individual cases recorded by Callan (though several of them have 
been published in more than one journal): of the 9 cases, the injury was 
caused in one by a fencing foil “‘ entering between the eye and the nose ” ; 
in an accident of this nature it is very probable that a fracture was really 
produced, but it is also possible that the foil itself might have caused direct 
injury to the optic nerve as well. In the remaining 8 cases the injury was 
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caused by diffused violence ; in six of them the point of application was the 
orbital region, and in four the patient was not rendered unconscious by the 
blow. None of the nine patients died, and there is therefore no proof that a 
fracture of the foramen existed, or that the nerve was injured by bone frag- 
ments in any of these cases ; his contention is thus purely theoretical. Callan 
tries to explain the association of violence applied at the orbital region with 
the fissure which he supposed existed at the optic foramen, by the fact that 
the line of the suture between the frontal bone above, and the nasal, maxilla, 
lacrymal, and ethmoid bones below, is horizontal ; he believes that, because 
this suture bifurcates at an obtuse angle just in front of the optic foramen, its 
diastasis resulting from violence would lead to a fracture of the foramen. But 
it is a well-known fact in connection with injuries of the skull that fissure- 
fractures very constantly follow the lines of sutures exactly; and it appears 
to me very probable that a diastasis of the fronto-cthmoidal suture would 
tend to bifurcate where the suture does, and to follow either its fronto- 
sphenoidal or ethmosphenoidal continuation, or both, until the force was 
spent; and in this manner would just miss the optic foramen. I have 
access to only four skulls in which a diastasis of the fronto-ethmoidal 
suture appears to have been caused ; in three of them it stops at the bifur- 
cation, while in the fourth it is continued down the ethmosphenoidal suture ; 
but in all four the optic foramen is intact. 

Wurdeman, in a recent work on the Injuries of the Eye, writes regarding 
these cases: “ While it is not possible to definitely fix the lesion in life, so many 
cases of autopsy have shown the injury to be in the optic canal, that the prob- 
abilities point strongly to this location as the site of the lesion in most cases 
of obscure atrophy of the nerve after blows upon the skull.” 

I see a good many patients who have received injuries to the head ;_ they 
vary greatly in their severity, but for the purpose of this communication they 
may be classified as: (1) Those in whom it was certain that no fracture of 
the skull had been produced ; (2) Those in whom it was doubtful whether a 
fracture of the skull existed or not ; (3) Those,in whom it was certain a skull 
fracture had been produced. 

There have been under my charge at the Glasgow Royal Infirmary 309 
cases of undoubted fracture of the skull: of these, 140 patients recovered, 
and only one complained of loss of vision after the accident. In this man’s 
case the blindness affected one eye. The notes of this case are as follows :— 


Case 1.—Open Depressed Fracture of Left Temporal Bone: Loss of Vision of 
Left Eye. 


R. R., age 37, plumber, was admitted Feb. 19, 1902. He had been found 
unconscious, lying on the ground at a new building, and it was supposed had fallen 
while at work in one of the storeys. Unconscious when admitted, he was not 
bleeding from the nose, mouth, or ears ; he had two dirty wounds in the left tem- 
poral region, the posterior one leading to a depressed fracture of the squamous 
bone ; the anterior one, placed over the external angular process, did not extend 
down to the bone. Soon after admission he had a convulsive seizure, which began 
in the right upper limb and became general, and during its progress he bled from 
the nose. Shortly afterwards he suddenly recovered consciousness, and was able 
to give intelligent answers to questions; but he did not know how his accident 
occurred. 
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It was noted “ R pupil is 2°5 mm. and L pupil 4 mm., and neither reacts to 
light. He has no perception of light in left eye—the left lids are much swollen 
and the left disc cannot be seen, the right appears to be normal—no paralysis of 
face, tongue, or limbs.”” The wounds were cleaned up under anesthesia; the 
skull was trephined, the depressed bone elevated, the disc of bone replaced, and 
both wounds were close sutured. The amaurosis was attributed to injury of the 
optic nerve. 

Feb. 24.—He has been very irritable and restless; no more convulsions. He 
has no perception of light in the left eye ; the left pupil is still wider than the right ; 
neither reacts to light; ophthalmoscopic examination showed both discs to be nor- 
mal, and no hemorrhage or detachment of the retina could be seen in either eye. 

March 3.—The wounds have healed aseptically. To-day he could recognize 
light from dark in the left eye; the left pupil still wider than the right. He is 
still excitable and irritable. 

March 16.—Right fundus seems normal; left dise appears greyish in colour ; 
veins larger; no rupture or detachment of the retina, which however appears to be 
somewhat oedematous. 

He went out on April 4, the visual acuity being R $, L 4; left pupil wider than 
right, and only reacting consensually ; left field of vision restricted to fixation 
point practically ; left disc white and atrophied. 

He was last seen on Dec. 2, 1905, when no improvement in the vision of the 
left eye had taken place ; left pupil 3 mm., right pupil 2 mm. 


Up to the time of this man’s admission I had had no experience of loss 
of vision due to trauma, apart from cases of gross injury to the eye, or of 
separation of the retina, etc ; but I knew that injuries of the optic nerve were 
supposed to be brought about in some cases of fracture of the skull, and to be 
one cause of loss of vision ; and I attributed this man’s blindness to an injury 
of this nature. 

I have always endeavoured to have a post-mortem examination in every 
fatal case of head injury, and since the admission of this patient special atten- 
tion has been given to the question of injury to the optic nerves and to the 
bone in the neighbourhood of the optic foramen. 

In all there have been 136 post-mortem examinations of cases in which 
a fracture of the skull has been proved to be present, and I am greatly 
indebted to the successive pathologists of the Infirmary for the assistance 


they have given me in trying to follow the lines of the fractures in the various 


cases. Two points, however, require to be mentioned in connection with our 
post-mortem examinations. In the first place, it has scarcely ever been possible 
to have a fractured skull macerated ; this is unfortunate, for I believe that 
some fissures can only be discovered, and certainly can only be accurately 
followed, after this has been done. In the second place, examination of the 
lateral walls of the orbit has been unsatisfactory for obvious reasons. 

From the findings at these examinations I am able to say that fractures 
involving the optic foramen have been uncommon, and that evidence of direct 
injury to the optic nerve has not been found in any case. This being so in 
cases of gross injury inflicted upon the skull, it seems hardly probable that 
direct damage to the nerve should have occurred in the comparatively slight 
injuries that have been so often the cause of blindness in the reported cases. 
I admit that in some instances the blindness may be due to direct injury to 
the optic nerve, but I consider that this must be a rare occurrence. In one of 
my cases the chiasma was almost completely split anteroposteriorly, only 
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the posterior fibres, Gudden’s commissure, being left undivided. But Holder 
‘“* often found the nerve torn,” though he only once saw it torn completely 
through ; but it must be remembered that the majority of his cases were 
suicidal and the result of gunshot injuries. He writes, “‘ among the 88 basal 
fractures I found in 54 cases fractures of the foramen walls—of these, 34 were 
more or less direct, caused by shots into the mouth.” With the great dis- 
ruption of the base of the skull that follows in wounds inflicted in this way, it 
is not very surprising that he found fissures of the optic foramen so frequently, 
or that the optic nerves were directly lacerated by the bone fragments, or 
that in 42 of his cases there was hemorrhage into the optic-nerve sheath ; 
but he “never found it (hemorrhage) apart from a fracture of the optic 
foramen.”’ He wrote further that ‘“ hemorrhage into the nerve sheath in 
eases of fracture of the skull without fracture of the optic canal is rare, but 
I do not deny its possibility.”” Berlin, founding his opinion upon Hdlder’s 
statistics, considered he was justified in formulating the statement that “‘ the 
disturbance to vision is to be attributed to fractures of bone, and” especially 
to those of the walls of the optic canal”: as a matter of fact he considered 
that the fracture produced a direct lesion of the nerve. 

It is rather strange that Berlin should have attached so little importance 
to the hemorrhage into the dural sheath of the nerve. Although this hemor- 
rhage has been mentioned as a possible cause of the blindness by many writers 
on the subject since the publication of his paper, the theory of the direct 
lesion of the nerve is the one which has received the support of most, if not all, 
of them. And yet not one, as far as I am aware, has been able to show proof 
that a nerve lesion caused by bone existed in any patient who had been the 
subject of this form of amaurosis. 

As far as my experience of head injuries enables me to form an opinion, 
it appears to me much more probable that the blindness is the result of com- 
pression of the nerve due to hemorrhage into its sheath— intravaginal 
hemorrhage.’ This hemorrhage may be associated with a fissure of the optic 
foramen, or with a fracture of the orbital roof, or with both ; but it may also 
occur, as I shall show, independently of either. 

My experience is entirely confined to the injuries of the skull met with in 
civil life, and gunshot injuries are practically excluded. In the following 
table I have collected all the cases that have been under my care in which it 
was shown by post-mortem examination that there was either (1) A fracture 
of the roof of one or both orbital cavities; (2) A fracture of one or both 
optic foramina or of the clinoid processes; or (3) A hemorrhage into one 
or both optic nerve sheaths. 

The table further indicates: (1) The site where the violence was applied 
to the head; (2) The state of the pupils, as far as could be ascertained 
(though it must be borne in mind that, owing either to the presence of 
extreme swelling of the eyelids or the rapid occurrence of death, the state 
of the pupils is not easily made out in every case); and (8) Shortly, any 
condition found inside the skull which might be considered a possible cause 
of cerebral compression. In this way I think the table brings out the 
main facts regarding the injuries to bone at or in the neighbourhood of the 
optic foramina. 
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From the table it is seen that while fractures involving the roof of both 
orbital cavities occurred in 22 patients, the site of the application of the 
violence to the skull was very varied, and was 9 times on the right side and 
9 times on the left. 

In the 7 cases in which the left orbital roof was fractured, the violence: 
was also applied somewhat erratically, 3 times on the right and 8 times on 
the left side of the skull. While, in the 9 cases of fracture of the right orbital 
roof, the violence was applied 5 times on the right side of the head anteriorly, 
and 8 times to the vertex. 

Although both orbital roofs were fractured in 22 cases, there were only 
2 instances (Nos. 269 and 103) in which both optic foramina were fissured, 
and in each case these fissures were continuous with fissures in the roofs of the 
orbits. 

The right optic foramen was fissured 8 times (Nos. 254, 171, 122, 104, 
102, 101, 100, 48), and in 5 cases (Nos. 122, 104, 102, 101, 100) both the orbital 
roofs were fractured as well. In Nos. 171 and 48 only the right orbit had its 
roof fractured, while in No. 254 the foramen was fractured without any fissure 
being present in either orbital roof. In five of the eight cases the violence 
was applicd on the right side of the head. 

The left optic foramen was fissured twice, Nos. 251 and 70, and in each 
case, as far as one could judge, the violence had been applied almost in 
the centre of the frontal bone, both orbital roofs being fractured. -No. 251 
was of some interest, as there was very marked depression of the superior 
wall of the foramen down on to the nerve; it is the only instance of com- 
pression of the nerve, or even of displacement of the wall of the foramen, in 
my series ; but there was no laceration of the nerve itself, and, be it noted, 
no hemorrhage at all into the nerve sheath. 

Fractures of the clinoid processes are not, I think, of any special import- 
ance in this connection, although Rawlings writes as if the anterior process 
might be depressed upon the nerve and compress it. One or both of the 
anterior processes was fractured in only 5 of my cases, and, except in No. 251, 
the optic foramen was not involved by the fracture, and in none of the cases 
was there any hemorrhage into the nerve sheath. 

It is with the subject of hemorrhage into the sheath of the optic nerve 
that I am chiefly concerned, and it will be seen from the table that this was 
found to be present in 12 cases: in 6 it was found in both nerve sheaths, in 
5 in that of the right, and only in 1 in that of the left. 

The hemorrhage in these cases may be derived from one of three sources : 
(1) From the cranial cavity ; blood may be effused into the subdural space 
and find its way in consequence of the increasing intracranial tension into 
the dural sheath of one or both optic nerves; (2) From rupture of vessels 
passing between the nerve and its coverings; (3) It may, though rarely I 
think, be derived from the central vessels of the retina, which run for a short 
distance inside the dural sheath before they enter the substance of the nerve. 

In only one of my cases was a hemorrhage into the substance of the 
nerve seen: in No. 233 both optic sheaths were distended with blood, and the 
right nerve had a hemorrhage into its substance as well. 

As opposed to the experience of Hélder—who never found hemorrhage 
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into the sheath unless in association with a fracture of the optic foramen— 
if my series be examined, it will be seen that of the 6 cases in which hemor- 
rhage was found in both nerve sheaths, in 5 (Nos. 107, 149, 195, 233, and 
252) there was no fracture of either of the optic foramina, while in No. 254 
the right foramen was fractured and the left intact. In the 5 cases of 
hemorrhage into the right sheath, there was no fissure of the right foramen 
in 3 (Nos. 234, 159, and 131); and in the only instance of a left intra- 
vaginal hemorrhage, the corresponding foramen was intact. 

Again, in Nos. 252 and 107 there was no fracture of either orbital roof 
or of either optic foramen, yet both nerves had hemorrhage in their sheaths. 
In No. 254 neither orbital roof was fractured, and while there was a fracture 
of the right optic foramen, both nerve sheaths were distended with blood. 
In No. 233 the left orbital roof alone was fractured, but neither optic 
foramen, and yet there was blood in both nerve sheaths. Nos. 258, 234, 
and 159 are further of interest in that, while neither optic foramen was 
fractured, one orbital roof was fractured and the nerve sheath of the other 
intact orbit was full of blood. 

These facts show that hemorrhage not only can take place into the nerve 
sheath without a fracture of the foramen, but can occur also without a fracture 
of the orbital roof. 

In all except three of the cases with hemorrhage into the sheath, evidence 
of the hemorrhage was at once seen on the cut section of the nerve and its 
sheath, made in the ordinary process of removing the brain from the skull. 
In all these cases there was a good deal, and in most of them a large amount, 
of blood in the subdural space of the middle fossz, so that it is probable that 
some, if not all, the blood in the optic sheath within the orbit had entered 
it from the cranial cavity, in consequence of the increase of the intracranial 
tension. But in Nos. 258, 254, and 252, no hemorrhage was seen between 
the nerve and its sheath on the cut section, although in all of them there 
was a large subdural hemorrhage within the skull. In these three cases, 
the hemorrhage in the sheaths was found after exposing the orbital contents 
by removal of the roof of that cavity, and examining the nerve: in two of 
them, Nos. 254 and 252, the hemorrhage was in both of the nerve sheaths, 
but in No. 258 it was only in the left, and was slight. These three are the 
only cases in the whole series in which it is certain the blood had been effused 
into the sheath on the orbita] side of the foramen. And No. 252 is of great 
interest in this respect, for in this case there was no fracture of either of the 
orbital roofs, or of either of the optic foramina; it is proof that hemor- 
rhage into the sheath may occur from rupture of the vessels of the nerve or 
its sheath as the result of the varying tensions produced in the tissues of the 
orbit by the violence. This being so, one is justified in assuming that an 
intravaginal hemorrhage might result from vioience applied to the head 
without a fracture being produced in any region of the skull whatever; and 
I believe that many of the recorded cases of monocular blindness arising after 
slight injury to the head, in which no loss of consciou: ness followed the trauma, 
have been of this nature—i.e., cases of intravaginal hemorrhage due _ to 
rupture of the vessels of the nerve and its sheath, without any fracture of 
the orbital walls, optic foramen, or any part of the skull. 
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Putting aside those cases due to the penetration of a foreign body which 
may cause direct injury to the optic nerve, the cases in which monocular 
blindness arises after diffused violence has been applied to the skull must 
be due to injuries of the nerve by bone fragments, or to laceration of the nerve 
by traction (an extremely rare occurrence), or to an intravaginal hemorrhage. 
It would seem almost impossible for fragments of the orbital roof depressed 
into the orbital cavity to cause direct injury to the nerve, protected as the 
latter is by the dural prolongation through the superior orbital fissure, as 
well as by the orbital tissues, muscles, etce., below it; at least I feel very 
confident that this has not occurred in patients who survive their injury. 
If fractures of the bone are responsible for injury to the nerve, these must 
be in the neighbourhood of the foramen. 

The question as to what is the cause of the blindness is one of, great 
practical importance from the point of view of treatment ; for although some 
patients appear to have partially recovered their vision after the lapse of time, 
it is evident from the reports of cases, that in a large number the loss of vision 
has been considerable in degree and permanent ; in many it has been com- 
plete, the patients not having even perception of light in the eye affected. 
If the amaurosis be the result of depression of bone fragments causing com- 
pression of the optic nerve at or near the foramen, it is very doubtful if they 
could be elevated and the compression relieved, and it is still more improbable 
that laceration of the nerve could be repaired ; but if the blindness be due, 
as I believe it is usually, to an intravaginal hemorrhage, there is a possi- 
bility that the vision would be improved to some extent, if not completely, 
provided the blood could be evacuated at an early stage. It is a serious 
matter for anyone to lose the vision of one eye, and I believe a good many 
people who knew they had this prospect immediately before them would be 
willing to submit to operation, even if there were only a chance of preserving 
a slight degree of vision. 

It is quite certain that great tension may be brought about within the 
nerve sheath by the effusion of blood. The prolongation of the dura mater 
which forms the sheath of the optic nerve is a very strong unyielding struc- 
ture, and it is attached round the margin of the optic foramen, so that blood 
effused into it on the orbital side of the foramen—which I imagine is what 
occurs in those cases of blindness that arise from slight head injury—would, 
as a result of the narrowing of the sheath at this point, have some difficulty 
in escaping from the orbital sheath back into the subdural space of the 
middle fossa, and compression of the nerve would be brought about in 
consequence. 

That a high degree of compression of the nerve can be caused by blood 
effused into its sheath may be seen in Figs. 211-214, which have been drawn 
life size by Mr. Maxwell from actual specimens. 

Fig. 211 shows a nerve without hemorrhage, taken from a case of fracture 
of the skull, and its diameter measures 3 mm.* 





*In the last edition of Quain’s Anatomy, vol. iii, pt. 2, p. 220, it is stated that the 
optic nerve in man measures “ about 3 mm. in diameter.” 

































382 THE BRITISH JOURNAL OF SURGERY 





Fig. 212 shows the right optic nerve from case No. 234; a large intra- 
vaginal hemorrhage surrounds the nerve, which in this case only measures 
2 mm. across. 

Figs. 213 and 214 illustrate the appearances presented by the two optic 
nerves of a patient brought to my ward, believed to have a fracture of 
the skull, but who was really suffering from purpura hemorrhagica. There 
was no fracture of the skull, and a large subdural clot was found post 
mortem, while both optic nerves exhibited these pronvunced intravaginal 
hemorrhages, that in the left sheath (Fig. 214) being considerably larger 





Fie, 211. 





Fic, 212. 





Fic, 213. Fic, 214, 


than that in the right (Fig. 213), and causing a correspondingly greater com- 
pression of the nerve. 

The blindness may not be actually due to the pressure exerted on the 
nerve itself ; it is just possible that the increase of tension in the sheath may 
interfere with the blood-supply of the retina in such a way that, while 
no change is produced that can be discovered by the ophthalmoscope immedi- 
ately, degenerative retinal changes may yet be rapidly brought about, in 
consequence of the impoverished vascular supply of its elements. If there 
is anything in this last suggestion, it means that operative interference must 
be carried out at the very earliest possible moment if the vision is to be saved. 
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It is just worth while considering the state of the pupils in the cases that 
were found to have intravaginal hemorrhage. I would specially draw atten- 
tion to the four cases Nos. 101, 102, 131, and 234, in all of which hemorrhage 
was present in the right nerve sheath. In all of them the right pupil was 
wider than the left; but neither pupil reacted, directly or consensually, to 
light. In No. 258, although there was a small hemorrhage in the left sheath 
and none in the right, and in the cranial cavity a large left-side subdural 
hemorrhage existed, the right pupil was wider than the left. 

At present it is not possible to say how far this intravaginal hemorrhage 
may be responsible for pupillary conditions ; but it is obvious it has some 
influence upon them, and possibly is responsible for some of the vagaries of 
the pupils one meets with in cases of cerebral injuries, and the disturbing effects 
these have on our localization of the lesion. 

As far as the monocular blindness is concerned, the main point regarding 
the pupil seems to be the absence of its reaction to direct light and the 
preservation of the consensual reaction. It is most unfortunate that none 
of the patients referred to in my table were in a state of consciousness during 
the time they were under observation, so that no evidence was forthcoming 
as to whether any interference with their visual acuity had taken place or 
not. 

No ophthalmoscopic changes were discovered in the few patients in whom 
it was possible to make an examination. 

I have, however, seen four patients who ena nee a monocular blindness 
after injuries to the head, in two of whom I feel positive there was no fracture 
of the skull. In the other two patients this may be uncertain, though, for 
my own part, I believe there was none. 


Case 2.—The first of these was a working man who fell on a stair, striking the 
left side of his head: he was only slightly dazed, but after recovering himself he 
found he could not see with his left eye. I saw him four days later, and could not 
find any cause for the blindness in the eye itself ; the left pupil was dilated, and only 
acted consensually to light. Dr. Freeland Fergus kindly saw the patient, and con- 
curred in my suggestion that the blindness might be due to hemorrhage into the 
sheath of the nerve, and that it would be right to make an exploratory operation ; 
but the patient would not consent to this. I saw him from time to time during four 
weeks, and during that period no improvement in his vision took place—he never 
had perception of light in the left eye. There was no alteration to be discovered 
in the percussion note over the skull at any time, and I could not find any evidence 
of a fracture of the skull. 


The following are the notes regarding a case which Dr. Fergus sent to 
me shortly afterwards :— 





of the left eye. On Feb. 22 he fell down about six steps of a dark stair and struck 
the left side of his forehead, and was unconscious for about three hours. He bled 
a good deal from the nose, but not from either ear. On the second day after the 
fall he observed he could not see with his left eye, and a subconjunctival hemor- 
rhage showed in the same eye on that day. When admitted on March 3, he had a 
dirty septic wound over the anterior part of the left temporal region, and a good 
deal of bruising over the left malar bone. The pupils were equal, the right reacting 
to light, the left only consensually ; V.A. = R $, L nil. The optic discs were 
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about equal in appearance, though the left might be slightly oedematous and the 
veins fuller than in the right eye. There was no alteration in the percussion note 
of the skull, and no real evidence that a fracture existed. The septic wound was 
a great misfortune, as it lay directly in the course of the incision required to expose 
the orbit, and a meningitis had to be avoided; it was dressed frequently, and 
although it was still a wide granulating surface on March 9, I thought we might 
proceed, as time was of importance, six valuable days having been lost entirely 
owing to its presence. I therefore opened the orbit by Krénlein’s osteoplastic 
operation on that date. The tissues in the orbit did not show any evidence of 
hemorrhage, but the optic nerve sheath had a bluish-black colour and was very 
tense from the contained blood ; it was slit up longitudinally, when some old tarry 
blood and an elongated blood-clot spurted out. The superficial wound was sutured, 
after replacing the bone flap, and it healed aseptically. The patient left hospital 
on March 21, but without any improvement in his vision. He was last seen on Feb. 
13, 1911; the pupils were then unequal, the left wide and stabile ; the left disc was 
white and quite atrophic. 


It is uncertain when the blindness became established in this case; but 
if any interval elapsed between the time of his fall and the onset of the blind- 
ness, the latter must have been due to the effusion of the blood that was 
found in the nerve sheath. 


Case 4.—In January, 1911, I saw, in consultation with Dr. Fergus and the late 
Dr. Garnet Wilson, a man, age 20, who had been kicked over the left orbit while 
playing in a football match. He was knocked out for a few minutes in consequence, 
but he walked off the field, quickly recovered himself, and wished to continue 
playing, but was not allowed to do so. The following morning he noticed the vision 
of his left eye was failing, and by night he could not see at all with the left eye. Two 
days later a small hemorrhage, subconjunctival, showed at the left external canthus. 
Dr. Fergus and I saw him on the fourth day after the injury, when the left pupil 
was of medium size and not reacting directly to light, but did so consensually. He 
could not distinguish between light and dark with the left eye. There was no 
ophthalmoscopic change. No fracture was evident. A diagnosis of hemorrhage 
into the nerve sheath was come to. The patient declined operation. Dr. Fergus 
told me later that he saw the patient again on March 14, 1911, when he found his 
vision a good deal improved, as he had ;; with the affected eye. 


Case 5.—R. K. was admitted on July 1, 1914, sent to me by Dr. Freeland 
Fergus as a case of blindness due to hemorrhage into the nerve sheath. He had 
fallen from a bicycle on June 2, and lay unconscious for three hours. He struck 
the right side of his face in falling, and ** broke his nose” ; he had profuse epistaxis. 
A subconjunctival hemorrhage showed the same day in the right eye. He was 
in bed for seven days and unable to open the right eye owing to swelling of the 
eyelids. When he could do so, he found he could not see with that eye. 

Dr. Fergus sent him to me with a note that the ophthalmoscopic appearances 
were normal in both eyes. V.A.= Rnil, L,. The right pupil was widely dilated ; 
it acted consensually, but not directly, to light. 

The right zygoma was fractured ; but I could not find any evidence that there 
was a fracture of the skull, and there was no change in the percussion note. 

I operated the following day, opening the right orbit by Krénlein’s method. 
The tissues in the temporal fossa were infiltrated with blood, and there had been a 
good deal extravasated into the tissues of the orbit ; the orbital fat was deeply blood- 
stained. The optic nerve sheath was found extremely tense, very dark in colour, 
and was obviously distended with blood; it was incised longitudinally, when a 
quantity of blood spurted out. The nerve itself had a distinctly reddish-brown 
colour, as if stained with blood. A seeker was passed through and all round the 
optic foramen, but nothing suggesting displaced or loosened bone could be detected. 
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The bone flap was replaced and the superficial wound sutured ; it healed aseptically. 
The right pupil remained wide. The right fundus was seen on July 17, when the 
disc was found to be distinctly atrophic. He went out on that date. He was 
seen again on Nov. 28, when he had no perception of light in the right eye ; the 
right pupil was wide and stabile ; the disc white and completely atrophied. 


I think it will be generally conceded that in Case 4 the amaurosis was 
due to hemorrhage ; the delayed onset and the gradual, if incomplete, clear- 
ing up are distinctly in favour of this assumption. There was no evidence 
in this case of the presence of a fracture of the skull, and the history appears 
to me to be incompatible with the idea of the visual defect being due to com- 
pression or injury of the optic nerve by a bone lesion. 

The very fact that improvement in vision did take place in this case is 
an argument in favour of operation being undertaken at the earliest possible 
moment after the discovery of the blindness. This man recovered with 
visual acuity of 2%, but that is a poor substitute for normal vision; and he 
was distinctly fortunate to recover so much. It is very unfortunate that in 
Case 2 the patient persistently refused operation, and that in Cases 3 and 5 
the operations could not have been carried out earlier. 

It has always been a matter of great regret that in Case 1 the possibility 
of a hemorrhage being the cause of the loss of vision did not occur to me at 
the time he was under treatment ; for one can never hope to have a better 
opportunity of testing the theory than presented itself in this patient’s 
case: the nerve ought to have been exposed at the time he was trephined, 
that is, within a few hours of the occurrence of his accident. Had this been 
done, he might have had the vision of his left eye saved. 

Patients who develop this type of traumatic amaurosis are probably seen 
in the early stage, if not throughout the whole course, either by general practi- 
tioners or by ophthalmic surgeons ; for in the majority of cases, as has been 
stated already, the head injury is comparatively or actually slight. And, 
although proof as to what is the real cause of the blindness in these people is 
still wanting, I desire to urge the proposition that they should receive the 
benefit of the doubt, and that the optic nerve of the affected eye should be 
exposed at the earliest possible moment after the blindness is discovered, and 
any blood found in its sheath evacuated. I have great hope that, in the 
future, many of these patients will have their threatened vision saved for 
them as the result of surgical interference carried out in this manner, and at 
the right time. 


REFERENCES. 


BERLIN (H6LDER), Graefe and Saemisch, Handbuch, vol. vi. 

CaLLAN, Trans. Amer. Ophthal. Soc., vol. vi; Jour. Amer. Med. Assoc., vol. xviii ; 
Reporis New York Eye and Ear Infirmary, vol. i. 

SNELL, Trans. Ophthal. Soc., vol. xvii. 

DeEcHERD, Med. News, 1905. 

Morton, N.Y. Med. Jour. vol. 61. 

PRINGLE, Edin. Med. Jour. 1909. 

PotuaK, Wien. Med. Woch. vol. 56. 

Evans, Brit. Med. Jour. 1909, vol. ii. 


VOL. IV.—NO. 15. 


386 THE BRITISH JOURNAL OF SURGERY 


AMBARD’S CONSTANT AND ITS CLINICAL IMPORTANCE, 
ESPECIALLY IN URINARY SURGERY. 


By KOSHIRO NAKAGAWA, Lonpon. 


MopERN methods of renal diagnosis are not solely directed to ascertaining the 
existence or nature of disease ; this can easily be demonstrated by a routine 
chemical and microscopic examination of the end-product of metabolism— 
the urine. They aim at something further; they endeavour to estimate the 
functional capacity of the organ, the possible extent of its activity. No 
kidney, in health, works at the limit of its total function. In fact, even in 
disease, symptoms such as oedema, uremia, etc., may be absent, provided 
there remains in the organ sufficient reserve capacity to meet any increase 
in the demands made on it. 

The investigation of renal function is, both to the surgeon and to the 
physician, a matter of the utmost importance. To the latter such knowledge, 
in association with careful clinical observations, affords great help in diagnosis, 
prognosis, and the selection of therapeutic measures. To the surgeon it is of 
vital necessity ; for it would be foolish to remove one kidney without first 
determining whether or no the other is capable of adapting itself to the new 
conditions imposed upon it by this measure; and frequently in diseases of 
the lower urinary tract, and especially in cases of prostatic hypertrophy, there 
is some impairment of the renal function not revealed in the routine examina- 
tion of the urine, which, if ignored, might render disastrous an otherwise 
brilliant operation. The methods suggested for the investigation of renal 
function are so numerous that it is essential to determine their respective 
merits and to discard those of least value. It is outside the scope of this com- 
munication to discuss in detail the various means adopted ; the matter has 
been fully dealt with elsewhere.°.44 Rather is it desired to draw attention to 
one method which, acknowledged by Continental and American observers to 
to be of great value, has not as yet in this country received the same con- 
sideration. 

Presuming that the kidney is a filter endowed with vital functions, 
inserted into the blood circuit, and continuously confronted with the problem 
of maintaining undisturbed the course of metabolism, it would appear that 
the most rational method of estimating renal function would be one based 
upon a comparative study of blood and urine. Such methods have already 
been suggested. Thus, Leon Bernard? has adopted a comparison of the 
molecular content of both fluids; Dawson Turner4? has introduced the 
hemorenal salt index; and other observers have endeavoured to estimate 
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the electrical resistance of the two fluids. Fallacies, however, in each method 
render them of doubtful value; and it was not till Ambard,! who based his 
observations on a comparison of the urea in both blood and urine, intro- 
duced his urea coefficient (constante uréo-sécrétoire), that a method of greater 
accuracy became available. 

The estimation of the amount of urea in the urine has long been recognized 
as a valuable factor in the diagnosis of renal disorders. Varying very much, 
however, as it does—with variations in diet, with tissue metabolism, and with 
hepatic action—it fails, except in certain diseases—such as Bright’s disease, in 
which it is usually diminished—to give us any very reliable indication of the 
functional capacity of the kidneys. 

Much more importance must be attached to a careful estimation of the 
amount of urea in the blood. More than ninety years ago this was found 
by Prévost and Dumas*¢ to be increased under certain conditions. Bostock 
and Christison!2 recorded an excess of urea in the blood in certain albumin- 
urics ; and Ascoli and Strauss‘? ascertained that there is usually an increase 
of the non-protein nitrogen of the blood in severe cases of nephritis. Credit 
must be given to Miiller31 for first calling attention to the importance of 
estimating the amount of urea retention in the diagnosis of uremia ; 
Hohlweg?5 insisted on its value in prognosis. Recently (1913), Rowntree and 
Fitz,38 basing their observations on the examination of forty-four cases, 
have shown that in cases which clinically suggested nephritis, but in which 
the diagnosis was doubtful, there was no increase of the urea in the blocd ; 
that in mild cases of definite nephritis, the average amount of urea equalled 
0°38 grammes per litre of blood ; whilst in advanced cases, it was as much 
as 0°783 grammes per litre; they also showed that in cases of cardiac 
failure not associated with nephritis, the urea reached 0°70 grammes per litre, 
whilst 0°831 grammes per litre were found in such cases where nephritis 
was present. Widal, Weill, and Vallery-Radot4é claim great prognostic 
value from the estimation of blood urea in chrenic nephritis, and think that 
patients who persistently have more than 2 grammes of urea per litre in 
their blood usually live only a few weeks. Boyd," more recently still, has 
concluded that nitrogen retention does not occur in all cases of nephritis ; 
he regards a urea figure of 1 gramme per litre as of gravest import, and 
considers that an amount equalling 0°5 grammes per litre is suggestive of 
some impairment of renal function. 

Schwartz and McGill,4° determining the blood urea in two hundred and 
eleven cases, have confirmed the findings of previous observers. The amount 
of urea in the blood, however, varies with nitrogen intake, as was noticed sixty 
years ago by Picard.37 Folin, Denis, and Seymour?” found they could reduce 
a urea content of 0°67 grammes per litre to a normal figure by controlling 
the protein in the diet; and Mosenthal®2 considers that the quantitative 
estimation is dependent on the gain or loss of water in the body—a view 
confirmed by Foster and Davis.?! 

It has been shown, too, that the amount of urea in-the blood may be 
increased quite independently of the above factors (renal failure, nitrogen 
intake, ete.). Thus, Schwartz aad McGill have recorded an increase in the 
majority of cases of lobar pneumonia, and suggest that a considerable increase 
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is of grave prognostic importance. They found also that the urea value 
was raised in approximately one half of the cases of syphilis examined ; 
that there was an increase in cases of exophthalmic goitre, a decrease 
in myxoedema. Further, in cases of primary anemia, septicemia, strep- 
tococcal meningitis, Rocky Mountain fever, and pulmonary tuberculosis, 
they found an increase; also to a less degree in cases of valvular 
disease of the heart, myocarditis, and secondary anemias. They could 
establish no relationship between the blood-pressure and the amount of urea 
in the blood. 

Briefly summarizing these observations, then, it may be said that 
the kidneys are not solely responsible for the increase of urea in the 
blood, nor does the retention of this salt necessarily suggest renal incom- 
petence. 


Turning now to a consideration of those methods of estimating renal 
function which are based on a comparison of the amounts of urea in the blood 
and in the urine, it may be mentioned that in 1904 Nestor Gréhant?4 
endeavoured to obtain a quotient between the urea contained in 100 c.c. of 
blood and in the same amount of urine. But the technique was difficult, and 
the matter received but little attention till Ambard in 1910 introduced his 
urea coefficient (constante uréo-sécrétoire). 


Ambard’s Coefficient is expressed in the formula : 


= K (constant) 








Ur 
7 


rs 
iis Ss = 


a: 25 


where Ur = grammes of urea per litre of blood 
D grammes of urea excreted in twenty-four hours 
ig the weight of the individual in kilogrammes 
Cc grammes of urea per litre of urine. 


This complicated formula is based upon the following mathematical laws, 
enunciated empirically as a result of experiments made firstly with dogs and 
later in man. 


Law 1.—When the concentration of urea in the urine is constant, the rate 
of excretion varies directly as the square of the concentration of the urea in 
the blood. 


If D = the amount of urea excreted per unit of time, 
and Ur = the urea concentration in the blood for the time being, 


this law can be expressed as follows : 
a> a, 3 
Ur 


VD 
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Table I—BORROWED FROM AMBARD’S ORIGINAL PAPER: A RECORD 
OF EXPERIMENTS ILLUSTRATING Law 1. 
| CALCULATED | CALCULATED 
DURATION OF | QUANTITY QUANTITY UREA IN THE UREA UREA IN RATIO 
EXPERIMENT OF URINE OF URINE | URINE QUANTITY IN THE BLOOD ‘s 
| IN 24 HOURS 24 HOURS 
Minutes c.c. c.c. | Grammes Grammes Grammes 

| per litre per litre 0-22 

36 10-0 400 24°32 9°73 0-22 9-78 =, 0-07 
0-30 

ae 18-5 740 | 25°41 18-80 0:30 185 = 0-069 
0:33 

‘s 23-0 920 25:08 23-03 0:33 23 = 0-068 
| 0-38 

ss | 29.5 1180 24-78 29-24 0-38 29-5 = 0-07 
0-48 

9.3 | 44-0 1760 | 25-60 45-05 0-48 \/ 45-05 = 0-071 
| "Ue 
| | 0-57 

AR | 67-0 2680 24-91 66-76 0-57 66-76 = 0-069 
| 0-75 

- 110-0 4480 24-97 109-80 0-75 1098 = O72 

(C) (D) (Ur) (K) 








Law 2.—When the concentration of urea in the blood is constant, the 
rate of excretion varies inversely as the square root of the concentration in 
the urine. Thus, C representing the concentration of urea in the urine. 


D:D, = VC,: VC 


























D VC, a 
~~ wo. 
Table II.—EXPERIMENTS ILLUSTRATING Law 2. 
i - | CALCULATED 7 ak CALCULATED UREA - 2 
EXPERIMENT | DURATION aig jo wa QUANTITY. IN on tad QUANTITY, In | Png RE 
Minutes c.c. | c.c, Grammes Grammes | Grammes 
| per litre | per litre 
( 1 36 | 175 / 00 30-27 21-89 | 0-34 
A | 
(2 40 75 2700 13-09 35:34 | 0-84 
( 1 37 20 778 26-12 20-32 | 0-87 
B 
( 2 36 110 4400 8-43 37-09 0:37 
| '(C) (D) (Ur) 
In Experiment A: ee ie wae D 
35-34 Bb. 
Se ee ee 
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In Experiment B: . 20:32. a ee ae 


D, 


vc, 
ve 


a. & 
VC 

Law 3.—When the concentration of urea in the blood and the con- 
centration of urea in the urine are both variable, the rate of urea excretion 
varies proportionately as the square of the concentration of the urea in the 
blood, and inversely as the square root of the concentration of urea in the 
urine. 

This third law, therefore, is an expression of the first and second laws 
in combination. 


From Law 1: DVD Ur? K Ur Ur, 


ee 


_ as " i ee 





From Law 2: D_ VC, 


D, /C- 


D VC Ur? oe Ur - Ur, 
VpVC VD, VC, 





— =< = K 
D,vVC, Ur,? 


Ambard quotes the two following observations made on the same individual 
in illustration of this law. 





EXPERIMENT 





A 
B 











Applying his formula : 0°31 0:19 
Jars /302 . [28-77 172 
i.e., 00192 00191 





The formula Sites K 


is an expression of all Ambard’s laws in the simplest form; but to stand- 
ardize the formula for use in man, Ambard, assuming the average weight 
of a normal individual to be seventy kilogrammes, introduced a weight 


factor Le and fixing the standard of urea concentration in urine as equal 


to twenty-five grammes per litre, the extended and corrected formula reads : 


Ur 
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The strict accuracy of the extended form has been challenged by 
Studzinski,4! who on theoretical grounds argues that the formula should read : 


Ur 
/ 70 f= 
ox p * € 
He reasons as follows: From Ambard’s Law 2 we know that 


2 oh a ES 
C 


= K 








D, /C 


Now, presuming that the amount of blood urea flowing through the kidneys 
in a given time be relatively constant per kilogramme of body weight, and 
that the amount of functionating kidney tissue is in direct proportion to the 
body weight, then P, representing the weight of the individual, and the other 
factors remaining the same : 














B= oy 
Now from Ambard’s Law1: —~ = xk 
/D 
But D = D, VC 
V/C 
ms. en 
a x = 
But Rn th 
7 Ur = a 
ND x = x “ 


Replacing P, and C, with the hypothetic standard factors, the formula should 
thus read : Ur 


Vp x x /% 


x Cc 


= KE 








Before leaving the question of the working formula adopted, it may be 
mentioned that the original form of Ambard’s constant has been modified by 
different workers. Thus, Balavoine,’ presuming the formula 

VD VC _ x 


Ur 


instead of Ambard’s formula, and introducing a slightly different weight factor, 
attempted to obtain a unit value for the normal constant. Gautruche?3 has 
also modified the formula to acccmplish the same end. 

It will be found that the actual numerical value of the constant obtained 
by different workers with Ambard’s formula in healthy individuals shows a 
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good deal of variation. This variation—after all, a very small one—is 
dependent on several factors :— 

1. The Methods Employed for Estimating the Urea in the Blood.—Schwartz 
and McGill? have illustrated this point by recording various estimations 
of the urea in the blood, obtained by varying the technique. 

2. The Period of Time during which the necessary Observations are Made.— 
Different observers have selected different periods of time, varying from thirty 
to seventy-two minutes. The shorter the duration of the experiment, the 
more accurate is the result likely to be, as over a prolonged period the urea 
content in the blood is subject to considerable alterations. This fact receives 
proof from the work of McLean and Selling,34 who, using a twenty-four hour 
specimen of urine, and taking the blood once only during the day, obtained in 
ten cases of normal individuals constants varying between 0°05 and 0°118. 

3. The Technique Employed in Obtaining the Urine.—It is essential to the 
realization of accurate results that the exact quantity of urine voided during 
the period of experiment be obtained. This may sometimes be a matter of 
difficulty, especially where there is obstruction in the lower urinary passages. 

4. The Working Formula Adopted.—Some observers have used the 
shortened formula Ur 

VD VC 
whereas others have adopted the extended and corrected one. 

Shortly after the introduction of Ambard’s ccefficient, its clinical value 
was investigated at the Necker Hospital in 1911, by Chevassu.17 He utilized 
it first in connection with surgical diseases of the kidney, particularly in cases 
of renal tuberculosis, and realized its great prognostic value. In 1912 he 
published the results obtained in investigating various diseases of the urinary 
organs.15 They are summarized in the table on the opposite page. 

Chevassu!® has suggested that the coefficient may be adapted to repre- 
sent mathematically the amount of renal defect. Thus, presuming the value 
of the normal constant (varying as it does between 0°05 and 0°075) to be 0°065, 
he considers that a constant of 0°08 indicates a renal deficiency equal to one- 
third of its normal function, the amount of the defect increasing with the 
constant. His table is appended. 


K 


CoNSTANT RENAL INSUFFICIENCY 


0-080 — * .. 83 per cent, or one-third 

0-100 es vi .. 51 per cent, or one-half 

0-120 es <% .. 64 per cent, or two-thirds 

0-150 k% ae .. 78 per cent, or four-fifths 

0-300 nee ie -. 95 per cent, or nineteen-twentieths 


A communication by Heitz-Boyer2® closely followed Chevassu’s first 
paper; and besides recording many observations, suggested for the first time 
the application of the method, by ureteric catheterization, to the estimation 
of relative renal function. 

Savidan%? in 1912 published a series of three hundred and twenty-four 
investigations at the Necker Hospital. Utilizing Moog’s method for estimating 
the urea in the blood, and the hypobromite method for that in the urine, he 
estimated the normal constant as varying between 0°05 and 0°07. He considers 
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Table III—AMBARD’S CONSTANT IN URINARY DISEASES. 
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Pri 
DISEASE CASE CONSTANT | be nil REMARKS 
RENAL CASES. 
. Tuberculosis 1 0-051 0°220 In the majority of cases renal function was 
2 0-052 0-270 normal or slightly altered. In bilateral 
3 0-069 0-364 cases the alteration was marked. In 
4 0-069 0-312 the first six cases the disease affected one 
5 0-069 0-326 kidney only. In the last two it was 
6 0-071 0-312 bilateral. 
7 0.100 0.375 
8 0-224 0-730 
. Subacute Pyelo-| 1 0-075 0-393 The opposite kidney was frequently the 
nephritis 2 0-063 0-297 seat of pathological changes. The last 
3 0-106 0-522 two cases died after nephrectomy. 
4 | 0-134 | 0-620 | 
5 0-399 | 0-847 | 
. Calculus 1 0-053 0-270 
2 0-063 0-270 | 
3 | 0099 | 0-457 | 
. Carcinoma 1 0-082 0-360 | 
. Pyelonephritis 1 | 0077 | 0-304 | 
. Contusion 1 0-051 0-304 
. Polycystic dis- 1 0-132 0-347 | 
ease 2 0-113 0-521 | 
BLADDER CASES. 
. Calculus 1 0-082 | 0-514 
2 0-188 | 0-619 
. Carcinoma i 0105 0:364 
2 0-109 | 0-364 
PROSTATIC CASES. 
. Prostatic hyper- 1 0-104 0-486 Fifteen cases were examined. The 
trophy 2 0-109 0-478 majority showed a considerable impair- 
3 0-116 0:333 ment of renal function. In six cases 
4 0-143 0-376 the constant varied between 0-067 and 
5 0-157 0-730 0-099, and the urea between 0-280 and 
6 0-179 0-400 0-578. The results in the other nine 
q 0-187 0-853 cases are tabulated. 
8 0-497 1-780 
9 0-501 2-420 
. Carcinoma of 1 0-098 0:357 
prostate 2 0-090 0-364 
. Prostatic tuber- | 1 0-069 0-364 
culosis 
OTHER CASES. 
. Urethral stric- | 1 0-081 0-304 
ture | 2 0-150 0-669 
5 oe carcin- 1 0-065 0-304 These two observations were made on the 
om | 2 0-104 0-512 same case, the second three weeks after 
the first. 
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that the determination of Ambard’s constant affords a more delicate criterion 
of renal function than does the simple estimation of urea in the blood. 

Legueu,28 in a criticism of the method as applied to clinical medicine, 
recognizes its limitations, but nevertheless considers it of much value ;_ whilst 
Le Lorier27 concluded from his investigation of twenty-four cases of pregnancy 
that it was a valuable help in prognosis. The importance of the method in 
medicine has been recognized by Nitesco,3® who determined the coefficient 
in various diseases of the vascular, urinary, and respiratory systems. As a 
result, he affirms its importance, both as a diagnostic and prognostic measure. 

Ambard’s coefficient has received but scant recognition in German 
literature. Legueu2? first introduced it to the notice of German clinicians in 
1913; but Bauer and Hebatin® were the first to recognize its clinical 
importance. In 1915 Bauer and Nyiri’? published the results of their 
investigations of medical cases, especially those of nephritis. In sixty-eight 
cases examined, they found their results in close accord with the clinical 
phenomena. Using Morel’s method for estimating blood urea, and an azoto- 
meter for the urine, they established the normal constant as varying between 
01 and 0°2. They concluded that a constant of 0°2 to 0°3 was suspicious, 
that a constant above 0°3 was distinct evidence of urea retention, whilst a 
constant of 1 or over was indicative of impending death from uremia. They 
did not neglect to determine the non-protein nitrogen in the blood, nor did 
they fail to recognize in such a method a valuable measure for estimating 
renal function. But they considered that the estimation of the blood urea, 
and of the constant, in combination, gave the most reliable results. 
Studzinski*! affirmed that the constant is influenced by dietetic regimen, but 
nevertheless assigned to it an important réle in gauging the degree of renal 
affection, especially in cases of early nephritis, where the nitrogen retention 
is not remarkable. 

In 1915 Choltzoff,4 from a study at the Abouchoff Hospital in Petrograd 
of seventy-three cases, twenty-five of which were cases of primary nephritis, 
while the remainder were secondary to other urinary lesions, came to the 
following conclusions :— 

1. That a determination of blood urea was of less value than the deter- 
mination of the constant. 

2. That the constant in normal subjects varied between 0°065 and 0°085. 

3. That determination of the constant is called for in all cases of nephri- 
tis of the azotemic or mixed type; that medical cases of azotemic nephritis 
are relatively rare, whilst almost all cases of primary or secondary surgical 
nephritis are of the azotemic variety. 

4. The results obtained by the test accord well with those obtained by 
other methods of investigation. 

5. The constant, being a mathematical expression of physiological activity, 
more exactly represents the state of renal function. 

Grossi22. determined the constant in 18 cases of renal tuberculosis, 9 
cases of hematogenous infection, 8 cases of calculous pyelitis, 3 cases of 
renal neoplasm, and in 8 surgical affections of the lower urinary tract. As a 
result, he expresses his approval of this method of estimating renal function, 
and considers that in its extreme limits the constant is capable of confirming 
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a fatal prognosis, or of suggesting caution in operative intervention. He 
considers it superior to colorimetric methods in cases where ureteric catheter- 
ization is not possible, but insists that conclusions from the estimation of the 
coefficient must only be arrived at after all other factors in the case have 
received full consideration. 

In America, Ambard’s method has attracted the attention of many 
clinicians. McLean and Selling in 1914 undertook the work of correlating 
the results obtained by Anierican observers with those obtained by the 
French. They utilized the methods suggested by Folin and his collaborators 
for estimating urea, all colorimetric readings being made with the Kennicott- 
Sargent colorimeter. They ascertained that the amount of urea in the blood 
in normal individuals varies between 0°214 and 0°493 grammes per litre ; 
that the total non-protein nitrogen in the same individuals varies between 
0°230 and 0°360 grammes per litre of blood; and that the constant varies 
between 0°061 and 0°089. Their conclusions may be summarized as follows :— 

1. The content of total non-protein nitrogen and of urea in normal human 
blood is not constant, but varies within wide limits according to various factors 
in the diet, amount of fluid ingested, ete. 

2. In normal individuals under average conditions there is a close 
parallelism between the concentration of urea in the blood and the amount 
excreted in the urine: the elimination of urea may be retarded by ‘ dehydra- 
tion ’ of the organism. 

3. Ambard’s coefficient, when computed from results obtained by the 
accurate methods of Folin and his collaborators, varies in normal individuals 
within comparatively narrow limits only, and may be regarded as a constant. 

4. A concentration of urea nitrogen as high as 22 mgrms. per 100 c.c. 
of blood (equivalent to 0°492 mgrms. of urea) does not necessarily indicate 
any disturbance in the elimination of urea unless associated with a relative 
decrease in the amount excreted. Ambard’s coefficient may be used for the 
purpose of making the necessary comparison. 

5. Ingestion of urea does not materially alter the value of Ambard’s 
coefficient, provided. sufficient time is allowed for absorption before the 
examination is made. 

McLean,?3 using Marshall’s method for estimating the urea in the urine, 
and that of Van Slyke for the blood urea, examined the urea content in the 
blood of normal subjects. As a result of one hundred and seven observations, 
he found that in the same or different individuals the amount oscillated 
between 0°200 and 0°500 grammes per litre. The author proposes an index 
of urea excretion in place of Ambard’s coefficient, the unit (100) standard 
normal index corresponding to that of the constant 0°080. The same observer 
applied the method in individuals the subjects of diseased conditions, and 
concluded :— 

1. That the rate of urea excretion in diseased conditions may be measured 
in terms of the normal by the ‘index of urea excretion,’ affording direct 
evidence as to the state of one of the most important excretory functions. 

2. Increased content of urea in the blood is, as a rule, a compensatory 
phenomenon, to provide sufficient pressure to cause its excretion through a 
damaged outlet. 
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3. Under certain conditions actual accumulation occurs. 

Before leaving the consideration of the literature devoted to Ambard’s 
constant, it must be mentioned that the method has not escaped adverse 
criticism. Among others, Cathelin!3 has opposed its adoption as_ being 
unreliable. Quite recently Addis and Wattanabe* have carried out careful 
investigations on a great number of normal individuals between the ages of 
twenty and thirty-five years; employing Van Slyke’s method of estimating 
blood urea, and a modified form of Marshall’s method for estimating urea in 
the urine, they conclude that there is (1) no constant relationship between 
blood urea concentration and the rate of excretion in cases in which the urine 
concentration is constant; and (2) no constant connection between the urea 
concentration in the urine and the rate of excretion in cases where the urea 
concentration in the blood is the same. In short, according to their summing 
up, the rate of urea excretion in man varies under physiological conditions 
in a manner which cannot be explained by the concentration of urea in the 
blood and urine. There is a tendency for an increased rate of urea excretion 
to exist with higher blood urea concentration in cases in which the urine 
concentration is the same, and for an increased rate of urea excretion to be 
accompanied by a lowering of urea concentration in the urine where the 
blood concentration is the same. The existing relationship is, however, one 
which is frequently obscured, even in individuals under the same conditions as 
regards the intake of nitrogen and water ; factors other than urea concentration 
are important in determining the rate of urea excretion by the normal kidney. 
It is, however, necessary to institute careful research on the same lines before 
. Ambard’s laws may be deemed to be confirmed or disproved. 


No observations on Ambard’s coefficient having up to the present time 
been recorded in English literature, Mr. Thomson Walker suggested that I 
should undertake some work on these lines. He very kindly placed at my 
disposal much interesting clinical material at the Hampstead General Hospital 
and at St. Peter’s Hospital. To Mr Perkins, pathologist at the former 
hospital, I am indebted for kind assistance in the technical part of the work, 
whilst to the staff of St. Peter’s Hospital, to Mr. Truter, the house-surgeon, 
and to the nursing staffs of both hospitals, I tender my grateful thanks for 
their kind co-operation in giving me access to cases and for carefully collecting 
and preserving the materials of research. 

Before considering the results obtained, I wish to draw attention to one 
or two points in the technique adopted. Observations were mostly made in 
the morning between eleven and twelve o’clock—occasionally in the after- 
noon between two and three. The time devoted to the observations was 
usually one hour—occasionally thirty minutes or two hours—the duration of 
the experiment depending on the quantity of urine voided. During this 
period no food or fluid was taken by the patient.. At the commencement 
of the observation the bladder was completely emptied, the catheter being 
resorted to in the majority of cases. Blood was taken from the median 
hasilic vein in the middle of the observation period ; at the end of the period 
the catheter was passed, the bladder completely emptied, and the urine 
collected for examination. 
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The urea in the blood was carefully determined by the original method 
of Folin and Denis ;!9 5 ¢.c. of blood taken from the vein was transferred 
directly to a small 50 c.c. measuring flask containing pure methyl alcohol. 
The contents of the flask having been accurately adjusted to the 50 c.c. 
mark, the mixture was allowed to stand for a short time (two hours), 
and subsequently filtered. Of the alcoholic filtrate thus obtained, 10 c.c. 
were used for each urea estimation. The residue obtained after evapora- 
tion of the alcohol was heated to about 155° C. with potassium acetate 
and acetic acid. The urea is rapidly hydrolyzed into carbon dioxide and 
ammonia, the latter being retained as ammonium acetate. The subsequent 
addition of caustic soda liberates the ammonia, which is aspirated into a 
test-tube containing hydrochloric acid, and there Nesslerized ; the estimation 
being made by comparison with a standard solution of ammonium sulphate 
similarly Nesslerized. 

The total non-protein nitrogen of the blood was determined by the method 
suggested by the same observers.!9 

Colorimetric readings were made in daylight with Dubosq’s colorimeter. 

The urea in the urine was estimated with urease by Marshail’s original 
method,29 and was controlled by the determination of the total non-protein 
nitrogen in the urine, estimated by Folin’s technique.!8 





é Ur 
The formula —>— = K was adopted, and controlled by the 
/ D x = 
25 
Ur 
shortened form VDVe K. The clinical condition of the patient often 


renders it impossible to obtain a record of the weight, and so the standard 
weight factor of the formula was omitted ; this in no way affects the general 
relationship existing between the important factors of the formula. 

Collateral investigations of the renal function by other methods were 
made in these cases at the same time: the results I hope to record later. 

In Table IV I have recorded the results obtained in the thirty-eight cases 
investigated, classifying them according to the nature of the disease present. 

It has been mentioned that the value of the normal constant largely 
depends on the methods adopted in estimating the value of the various factors 
of the coefficient. Using the technique I have described above, and adopting 


Ur 
the formula fn Je it may be said to vary between 0°05 and 0°07. 
25 


On reference to Table IV, it will be found that, of the non-urinary cases, 
four of the five show a normal constant. In Case 5 the value is increased ; 
but it will be observed that here the duration time of the observation was 
extended to two hours—a proceeding which, as has been previously mentioned, 
tends to make the result obscure. 

The majority of the renal cases associated with some surgical disease 
show a constant above the normal. Case 1 is an exception, and shows how 
well compensation may be effected after nephrectomy— in this instance, two 
years previously. Contrasting this with Case 4, in which the kidney was 
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TABLE IV.—DETAILS OF 38 CASES IN WHI¢ 
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ft | puravion | Quantity — CALCULATED | UREA 
es <= | ee melennee | EXPERIMENT URINE a 24 HOURS | uavere REACTION | ALBUMIN | sueng TO 
| Minutes c.c. c.c. | | Gram 
| | | | per li 
NON-URINARY CASES. 
1) E. L., 38, | Chronic appendicitis 60 | 30 720 1015 Acid Nil | NIB 91-0 
Female | | 
| | 
2 W.E., 49, | Gall-stones 60 | 61 1464 1025 Acid Trace Nil} 98.9 
Male | | | 
3 | M. O., 35, | Mitral stenosis eS aa 1152 1012 Acid Large | Nil} 136 
Male | trace | 
4A. B., 64, | Septicemia 120 | 75 900 | 1020 Neutral Trace | Nil Ov 
| Male | 
| | 
| . 7: | 1 
5 | P. K., 34, | Gastritis 120 | 150 1800 1035 Acid Nil | Nil | 97.9 
| Male | | 
RENAL CASES (SURGICAL). 
1 | S. P., 39, | Solitary and movable | 60 | 80 1920 1012 | Acid Nil Nil | 12-0 
Female kidney | | 
2 | A. K., 30, | Tubercle of left kidney | 60 | 71 1704 1018 | Acid Trace | Nil] 18-6 
Male | | | 
3 | W.B., 39, | Tubercle of right kidney 60 34 810 1020 | Acid 2 parts | — § 16-4 
Male | | per 1000 | 
4 | J. W., 28, | Solitary kidney, tuber- | 60 | 66 1584 1015 Acid | Nil _iNil 8-5 
Female culous ureter, after ne- | | 
phrectomy | | : | : | 
5 | J. C., 46, | Tumour of right kidney | 60 85 2040 1008 = Acid Nil Nil 1 
6 | W.S., 56, | Renal calculi (bilateral) | 60 73 1752 1010 | Alkaline | Large | Nil 6-6 
Male | | | trace 
7 | H.K.,55, | Tumour of suprarenal 60 109 2611 1005 | Acid Nil | NIE 8.0 
Male gland | 
8 | F. W., 64, | Hypernephroma of right 60 32 768 1011 | Acid 1-5 parts | Nil 8-9 
Male kidney | per 1000 | 
RENAL CASES (MEDICAL). 
1 | R. E., 20, | Acute parenchymatous 30 | 32 | 1536 1015 Acid 0-5 parts | Nil # 15-0¢ 
Male | nephritis (trench ne- | per 1000 | 
| phritis) | | 
2 | S. P., 50, | Albuminuria, tumour of 60 | 57 | 1868 1011 Acid 1-9 parts | NIG 14-1 
| Female | breast | per 1000 | 
| | | 2 
3| J. S., 48, | Albuminuria, monoplegia 30 | 29 1392 1020 Acid 0-5 parts | Nil§ 25-9¢ 
| Male per 1000 | 
4 | F. A., 45, | Parenchymatous nephri- 60 29 696 1028 Acid 11 parts | NIB 16-6¢ 
| Female tis | per 1000 | 
5 | P. W., 45, | GEdema of legs following 60 \ 398 2904 1008 Neutral Trace | Nife 4-4 
Male pneumonia | | 
| | 4 
6 | W. M., 45, | Parenchymatous nephri- 60 | 62 1488 1015 Acid 1 part | Niff 11-20 
Male ; tis | per 1000 | 
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| TOTAL | 
CALCULATED || UREA 4 | 
AMOUNT IN || IN THE gc 
24 HOURS BLOOD BLOOD. 
Grammes | Grammes Grammes 
| per litre per litre 
15-12 || 0-210 | 0-104 
! | 
41:28 | 0-877 | 0-210 
15-10 0-219 0-154 
24-93 0-360 0-194 
48-60 | 0-640 0-375 
| 
23-00 || 0-268 | 0-178 | 
} | | 
31:69 | 0-437 0-225 
| | 
13-29 | 0-347 | 0-229 | 
13-46 0-285 | 0-210 | 
| 
14-48 | 0-261 | 0-166 | 
! 
11-56 0-642 0-430 | 
\| 
21:00 | 0-553 | 0-340 | 
| 
6-84 0-462 0-244 — 
| 
23:10 || 0-300 0-200 | 
| 
| | 
| 
19-28 | 0-302 0-166 
36-10 | 0-544 | 0-260 
11-62 | 0-300 0-200 
12:77 || 0-253 0-173 
| 
16-66 | 0-407 0-283 
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0-055 


0-057 


0-067 


0-070 


0-091 


0-067 


0-084 


0-110 


0-102 


0-094 


0-264 


0-165 


0-231 


0-071 
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0-100 


0-112 
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0-030 
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0-048 
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0-117 
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Appendicectomy 
Marked jaundice: operation: recovery 
Marked dropsy of lower extremities : under 


treatment 


Prostatectomy: radical operation for hzemor- 
rhoids: discharged 


Vomiting : cerebral tumour suspected 


Nephrectomy for tubercle two years ago: 
nephropexy : recovery 


Tubercular epididymitis also: nephrectomy : 
convalescent 


| A huge tumour : nephrotomy and drainage : 


improved : discharged 


Nephrectomy six months ago: tuberculous 
ureter removed : recovered 


|| Tumour with pain in left loin for ten years : 


right kidney removed 


|| Residual urine 400 c.c.: uremic condition : 


inoperable : discharged 


An enormous tumour in left hypochon- 
drium: inoperable: discharged 


Hematuria for eighteen months: nephrec- 
tomy: microscopically examined: died 


Anasareca: recovered 


No oedema: operation: recovery 
Paralysis of left arm following accident : 
cyclic albuminuria: improved : discharged 
(Edema of lower limbs 


Marked cedema of legs: recovery 


Granular casts in urine 





Continued on next page 
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TABLE IV.—DETAILS OF 38 CASES _ IN 
| | | 
ee ae | | Duration | Quanzity | CALCULATED | _ | 
<o. | NAME, AGE, | : OF OF UANTITY | SPECIFIC ; : 
ees SEX pean | EXPERIMENT, URINE | a 24 HOURS | GRAVITY | eecimens ante 
| Minutes | c.c. C.c: | 
PROSTATIC CASES. 
1 | G. D., 58, | Prostatic hypertrophy 60 99 2376 | 1018 Acid Nil 
| Male | 
2| T. B., 64, | Prostatic hypertrophy 60 52 1250 | 1015 Acid Trace 
Male | 
3 M.B., 52, | Prostatic hypertrophy 60 45 1080 1020 Acid Nil 
Male | 
4 H. L., 64, | Prostatic hypertrophy 60 63 1512 1010 Acid Trace 
| Male | 
5 | M. J., 59, | Prostatic hypertrophy 60 124 2976 1012 Acid Trace 
Male 
6 E.E., 77, Prostatic hypertrophy 60 66 1584 1018 Acid 1 part 
| Male | per 1000 
7 | P. W., 81, Prostatic hypertrophy 60 68 1632 | 1010 Alkaline Large 
Male trace 
8 | J. B., 65, Prostatic hypertrophy 60 88 2112 1010 Acid Trace 
Male 
9 | J. K., 59, Prostatic hypertrophy, 60 69 1656 1011 Acid Nil 
Male calculi vesice 
10. +E. H., 60, Prostatic hypertrophy 60 49 1176 1010 Alkaline Trace 
Male 
11. H.M., 68, Prostatic hypertrophy 60 155 3720 | 1008 Alkaline Trace 
Male | 
12. S. S., 75, Prostatic hypertrophy 60 18 432 | 1010 Alkaline Trace 
Male 
13° W.F.,52, Prostatic hypertrophy, 30 30 1440 1020 Acid Trace 
Male diabetes mellitus 
BLADDER CASES. 
1) T. O., 34, | Papillomata | 60 134 3216 | 1018 Alkaline Trace 
Male | | | 
| } | | 
2) J. T., 54, | Carcinoma 60 37 888 1018 Acid Trace | 
| Male | | | 
| | | 
3 C. H. 67. | Carcinoma | 60 21 504 | 1018 | Alkaline | Trace | 
Male | | | 
4 | H.H., 64, | Calculus, urethral stric- 120 58 705 | 1014 Alkaline 3 parts | 
Male ture | per 1000 
OTHER CASES. 
1 | N. S., 48, | Urethral stricture | 60 | 183 3192 1010 Neutral | Nil | 
| Male | 
| | | 
2/| J. P., 75, | Carcinoma of prostate | 30 | 79 3792 Nil 
| 
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| Nil 


iff} 


Sv¢ 


Ni 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
nil 
Nil 


Nil 


+ 


Nil 


Nil 


Nil 





MBA 
UREA 
THE UF 


Gramt 
per li 


17-0 


9-( 


vi 


7 


14 


15. 


13: 


13: 


11: 








HIf 


Sv¢ 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


Nil 


| Nil 


MBARD'S CONSTAN 


UREA IN 





THE URINE | ‘94 Hours 


Grammes | 
per litre | 


17-00 


15-00 
14-20 
9-90 
sa 
7:30 


9-60 





7-90 


7-60 


14-10 


2:10 


12-40 


15-00 


13-70 


13-50 





Nil 


11-10 


8-50 

















AMBARD’S CONSTANT 401 


T WAS DETERMINED.-— Continued. 






































TOTAL CONSTANT 
CALCULATED UREA . | ; 
AMOUNT IN IN THE oe 
BLOOD BLOOD — || Ur “ REMARKS 
aa id 
Grammes Grammes | Grammes \,/” C 7 =i 
| per litre per litre } 25 VD 4/C 
| 40°39 | 0-283 0-189 0-049 0-022 | Prostatectomy : small prostate : recovery 
| | 
| 22-50 0-255 0-170 0-059 0-027 | Prostatectomy : recovery 
| 
| | 
| 16-20 0-241 0-191 0-068 0-031 Slight obstruction : prostatectomy : recovery 
' ? | | . 
21:47 | «(0-031 0-192 0-077 | 0-034 Prostatectomy : recovery 
| | 
29:70 | 0-368 0-239 0-086 0-039 Residual urine 300 c:c.: prostatectomy : 
| | | recovery 
| | 
31-40 _ 0-462 0-256 || 0-087 0-040 | Prostatectomy : recovery 
_ 11-90 || 0-297 0-162 0-117 0-052 Residual urine 200 c¢.c.: prostatectomy : 
| } recovery 
I | | 
20:20 | 0-396 0:247 0-118 0-052 || Residual urine 250 c.c.: prostatectomy : 
| | recovery 
| 1410 = | 0°375 0-212 0-130 0-059 Residual urine 100 c.c.: prostatectomy : 
| | recovery 
9-39 | 0-317 0-165 0-138 0-062 Residual urine 400 c.c.: preliminary cysto- 
| tomy: improved 
| 
| | ‘ . 
28:30 =| | (0-542 0°316 0-139 0-063 | Residual urine 350 c.c.: prostatectomy : 
| | died 
6-10 | 0-480 | 0-282 0-227 0-102 | Prostatectomy 
| | | 
\} | . . . . 
3:00 = || (0-471 0-250 | 0-523 0-135 | Residual urine 200 c.c. : preliminary cysto- 
| | | tomy: prostatectomy : recovery 
39-88 0-360 0-212 | 0-068 0-031 Operation : recovery 
| 13-30 0-396 0-249 0-123 0-056 Partial cystectomy : recovery 
6-90 0-366 0-244 0-162 0-072 ? 
9°52 0-407 0-234 0-154 0-069 Urethrotomy : recovery 
35°43 0-317 0-182 | 0-066 0-029 | Internal urethrotomy : recovery 
| | | 
| 32:90 | 0-381 | 0-298 | 0-083 0-038 || Preliminary cystotomy 
VOL. IV.-NO. 15. 26 
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removed only six months ago, we may infer that in the latter functional 
compensation is not yet complete. Case 2 affords an instance of a fairly well- 
compensated unilateral tuberculous infection ; whilst the value of the constant 
in Case 3 suggests that the opposite kidney is either tuberculous or the seat 
of a toxic nephritis. Case 6 was a remarkable one. An a-ray photograph 
showed a group of calculi about twenty in number occupying the left kidney, 
whilst a single gigantic calculus was present in the other. Practically none of 
the phenolsulphonephthalein injected into this patient was excreted. Opera- 
tion was considered inadvisable, and the patient was discharged. In Case 8 
death followed nephrectomy. This was in all probability due to lack of 
sufficient compensation—influenced possibly by the effect of the anzsthetic. 
Case 7, in which there was a large tumour of the suprarenal gland, associated 
with polyuria (2750 c.c. per twenty-four hours}, was considered inoperable. 

A constant above the normal is found in the majority of the non-surgical 
renal cases. As will be shown later, the amount of albumin in the urine 
bears no definite relationship to the value of the constant. 

Thirteen cases of prostatic hypertrophy were examined. The constant 
varies, but in the majority it is increased in value. In three cases it was 
between 0°049 and 0°070; in three cases between 0°070 and 0°100; in four 
cases between 0°100 and 0°150; in two cases between 0°150 and 0°227; 
whilst in one case, associated with diabetes mellitus, it reached 0°523. No 
serious clinical symptoms corresponding with the magnitude of the constant 
were. present in the last case; this confirms the opinion already expressed 
by several different observers, that Ambard’s method of estimating renal 
function is not applicable in cases of diabetes. A certain interest attaches to 
one of the prostatic cases in which there was complete retention of urine. 
Five days before operation the constant was found to be 0°117 (Case 7). 
Two months after the prostate had been removed it was 0°07—suggesting 
that the disturbed function of the kidneys was relieved by the removal 
of the obstruction in the urinary passages. 

Death followed operation in two cases. In one the value of the constant 
was 0°139 and in the other 0°227. In both the result may be attributed to 
insufficient functional activity of the kidneys. 

In the recorded cases of bladder growth and urethral stricture, marked 
difficulty in micturition was found associated with a constant of increased 
magnitude. 

Albumin and the Constant.—The following records from Table IV 
indicate that the amount of albumin in the urine affords no criterion of the 
state of renal function ; nor does any relationship exist between the amount 
of albumin and the value of the constant. 

ALBUMIN. Grammes per litre (Esbach) K (constant) 
0-5 a: * ne 0-071 
0-080 
0-087 
0-090 
0-100 
0-110 
0-122 
0-154 
0-231 
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In Fig. 215, by charting the various records obtained in the thirty-eight 
eases (in the order of investigation, and not as in Table IV), I have endeavoured 
to show :— 

1. That there is no parallelism between the value of the constant and the 
amount of urea in the blood; although there is a tendency for the latter to 
regulate the former. In other words, an increase of the urea in the blood does 
not necessarily denote renal inability to excrete the salt. 

2. That the rate of urea excretion is not sufficient to regulate the constant 
—though in certain instances it is inclined to do so. 
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Fie. 215. 


3. That both factors, viz., the urea concentration in the blood and the 
rate of its excretion in the urine, in co-operation control the constant. This 
is well illustrated in Case 19, where increased urea concentration in the 
blood is associated with a proportionally increased rate of excretion in the 
urine—the constant being thus maintained in the vicinity of the normal level. 

4. Indirectly, that the rate of urea excretion goes hand in hand with that 
of the total solids as estimated from the specific gravity and the volume of 
urine excreted per unit of time. 
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CONCLUSIONS. 


1. It would be presumptuous, perhaps, to attempt to draw any conclusions 
from the results obtained in the few cases I have been able to investigate ;_ but 
considering them in association with those obtained by other observers, I think 
it may be justly claimed that we have in Ambard’s coefficient (especially in its 
extreme limits) a very reliable method of gauging the state of renal function. 

2. A constant of normal value does not necessarily imply freedom from 
disease; it is frequently found in association with recognizable surgical 
affections of the kidneys. In such cases a normal constant indicates that the 
renal defect is compensated—that the kidneys have sufficient reserve capacity 
to meet any increase in the work thrown upon them. 

3. A constant of increased value signifies some impairment of renal 
function, compensation being either incomplete or totally wanting. In such 
a case it may be either that the functionating renal parenchyma is incapable 
of coping with the extra work thrown upon it, or that the spread of the 
disease in the functionating tissue is too rapid to allow of compensation. 

4. In some cases the constant is of diagnostic significance. Thus, a normal 
constant in association with renal tuberculosis suggests that one kidney only 
. is affected ; a constant of increased value indicates either that the tuberculous 
condition is bilateral, or that it is associated with a toxic nephritis of the 
opposite kidney. 2 

5. Much importance also must be attached to the variation of the constant ; 
for it has been pointed out that in diseases of the lower urinary tract, as 
prostatic hypertrophy, carcinoma of the bladder, or urethral stricture, the 
renal function—as indicated by the increased value of the constant—-is 
frequently impaired. This functional defect may be due to coexistent renal 
disease, or may be associated with some obstructive or infective process in 
the lower urinary passages. In such cases, before adopting more radical 
measures, the s*~geon resorts to bladder drainage for a few days. If during 
this period the constant be investigated and be found to approach the normal, 
it may be inferred that the renal embarrassment is of a temporary nature 
only, and secondary to the change in the urinary passages. A stationary 
or increasing constant points to the existence of some gross lesion of the 
kidney, and indicates the danger that may attend further operative measures. 

6. The determination of Ambard’s coefficient does not entail any discomfort 
to the patient. The injection or ingestion of foreign substances is not required, 
nor is it necessary to control the diet. The method is applicable in cases where 
ureteral catheterization or examination of the lower passages is impossible. 

7. The information as to the state of renal function gained by estimating 
the urea in the blood is amplified and completed by the determination of 


Ambard’s constant. 
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SACCULI OF THE LARGE INTESTINE, 
WITH SPECIAL REFERENCE TO THEIR RELATIONS TO THE 
BLOOD-VESSELS OF THE BOWEL WALL. 


By HAMILTON DRUMMOND, NEWCASTLE-UPON-TYNE. « 


DuRING the last few years the clinical aspect of sacculi or acquired diverticula 
of the colon, and the secondary changes consequent on inflammation of them, 
have been so frequently referred to that the condition is now familiar to all. 





lia, 216.—Interior of the pelvic colon laid open through the antimesenteric 
border. To show the common site of sacculi—appearing at a point where the 
vessels perforate the muscle tissue and come to lie under the mucous membrane, 


The etiological side, however—at any rate in this country—has been neglected, 
for we are still in the dark as to their true origin, and there are many differing 
theories concerning their causation. 
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The fact that sacculi of the large bowel are acquired, and are not con- 
genital, has long been accepted; and for this and other reasons, now well 
known, the term ‘ saccule’ should be adopted in place of diverticulum, the 
latter being reserved for congenital conditions such as Meckel’s diverticulum. 

Saccules may be found in any part of the large intestine, but the great 
majority occur in the pelvic colon, and most of the post-mortem specimens 
I have obtained for the work in this paper show the pelvic colon alone to be 
diseased. So far as I am aware, all cases reported have occurred in elderly 
people. The saccules are always multiple. They vary in size from a hemp 
seed to.a hazel nut, and are seldom larger than the latter. Several hundreds 
have been reported to exist in the same intestinal tract. 


Fic. 217.—Diagram to show muscle tissue and blood-vessels of the pelvic colon. 


Klebs, who investigated the condition, emphasized the fact that sacculi 
occurred in fat people. Hanseman pointed out that in his cases they occurred 
chiefly in thin people Other observers have stated that they are most com- 
monly found in people who at one time were well nourished and have become 
thin. I cannot verify any of these statements from my own cases, for some of 
the patients from whom post-mortem specimens were removed were extremely 
fat, whilst others were thin, and inquiry into their history showed that they 
had always been so, 

Edwin Beer, in an excellent article dealing with this subject, states the 
results of his own experimental work and that of others performed with a 
view to discovering, if possible, the cause of these hernial protrusions. He 
and other observers found that on distending the intestines of corpses with 
water, the large bowel ruptured on the side opposite to the mesentery, and 
the small bowel as a rule into the mesentery itself. Beer rightly points out 
the absurdity of these experiments, as the effects of distention of the bowel 
in post-mortem subjects differs considerably from the distention of the gut 








during life, for in the former the distention is brought about acutely, while 
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in the living the process is seldom other than slow and chronic. 
Hanseman, who regarded these sacculi as pulsion diverticula caused by 
pressure from within the bowel, made similar experiments with human corpses. 


He found that the point at 
which the bowel ruptured when 
distended was between the 
leaves of the mesentery, and 
the ruptures formed small diver- 
ticula which originated at the 
point of entrance of the veins 
running from the bowel into 
the mesentery. He described 
these ‘ acutely formed’ sacculi 
as being similar to those found 
in the living subject. 

Klebs was the first to associ- 
ate sacculi of the large intestine, 
and their formation, with the 
vessels of the bowel wall. In 
1898 this view was strongly sup- 
ported by Graser, who made a 
thorough microscopic examina- 
tion of portions of healthy colons. 





Fig, 219.—Diagram to show the 
common site for a sacculus of the large 


bowel, between the mesenteric and 
lateral longitudinal muscular bands. 





Fic. 218.—Pelvic colon laid open to show the 
most common site for sacculi to make their appear- 
ance, between the mesenteric and two lateral longi- 
tudinal muscular bands. 


He found, in many cases, small gaps in the 
muscle tissue through which the vessels 
passed, and in many instances he was 
able to demonstrate small sacculi of the 
mucous membrane only which pushed their 
way along the line of the vessels. He 
described the stages as, first, gaps in the 
muscle tissue of the bowel wall; then 
the protrusion of the mucous membrane 
into these gaps, extending later to the 
longitudinal muscular layer; and _ finally 
their extension under the peritoneal cover- 
ing. On careful microscopical examina- 
tions of twenty-three portions of gut, he 


was able to discover more or less typical small sacculi in the region of the 


pelvic colon, and in no case was there evidence of such change to the naked 
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He also found, and laid great stress on the fact, that in many cases of 


sacculi of the colon, chronic venous congestion existed, his view being that 
the distended vessels, as they passed through the bowel wall, enlarged the 


Fic. 220.—Saccule of the colon, showing a narrow 
neck at the base, and marked atrophy of all the coats 
of the bowel wall. 


gaps in the muscle tissue, and in 
this way assisted in the produc- 
tion of the hernial protrusions. 
Graser was able to demon- 
strate venous congestion in a 
certain percentage of cases only, 
showing that this complication 
was not necessary for the pro- 
duction of a sacculated colon. 
Amongst my own material, 
chiefly post-mortem specimens, 
numbering about thirty in all, 
I found no case showing heart 
disease with chronic back pres- 
sure. At the same time, the 
veins of the bowel were engorged 
in a few cases (see Fig. 216). 


Though it is impossible to regard venous congestion as having nothing 
to do with the formation of sacculi, it seems more probable that the back 
pressure in the veins may be a secondary development, as it is very common 


to find the colon in sacculus cases densely 
embedded in adhesions and firmly fixed 
to the abdominal and pelvic walls, with 
considerable shortening of the mesentery. 
For several years I have noted carefully 
in this connection cases coming to the 
pest-mortem room as the result of heart 
disease with chronic venous congestion, 
and in no single instance was the colon 
the seat of macroscopic sacculi. 

Obstruction of the large intestine from 
constipation has always been regarded 
an important factor in the formation 
sacculi, but in my opinion it is not 
primary importance. Multiple sacculi 
the colon above the site of the obstruction 
in cases of cancer of the colon are very 
rarely seen, but may occur. Two of 
my post-mortem specimens showed well- 
marked small multiple sacculi above a 
constricting carcinoma of the pelvic colon, 
while the gut distal to the obstruction 
showed no sacculi at all. 


Fic. 221.—Old-standing saccule, show- 
ing extreme atrophy of all coats of the. 
bowel wall. 


A most important factor with regard to the production of sacculi of 
the large intestine is an inherent muscular weakness of the bowel wall. It 
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may be a weakness not only limited to the large intestine, but to the non- 
striated muscle throughout the body. In four post-mortem specimens I 
have observed sacculi of the large and small intestine existing in the same 
individual. Further evidence in support of this view is offered by the following 
ease, which came under the care of 
Mr. Grey Turner: A man, age 56, died 
from peritonitis, the result of a per- 
forated sacculus of the pelvic colon. 
In addition to multiple sacculi of the 
large gut, he had numerous sacculi of 
the bladder, some of which were of 
large size and very thin-walled. The 
largest of these originated from a 
point close to the right ureter orifice, 
and was the size of a large walnut. 

Sacculi of the large bowel rarely a iis 
enter the leaves of the mesentery, — ¢qo 10,32 —Lonsitudinal sotion through 
and a glance at the anatomy of the of the upper saccule. 
bowel wall and the _ blood-vessels, 
bearing in mind the importance of the latter in the development of these 
protrusions, will show plainly why this does not occur. As an instance exam- 
ine the structure of the normal pelvic colon (Fig. 217), since this portion of 
the large bowel is the most common site in which to find sacculi. 

The three longitudinal muscular bands 
common to all parts of the colon show a 
definite relation to one another in the 
pelvic colon. The largest one, known as 
the mesocolic band, is always to be found 
at the mesenteric attachment. Concern- 
ing the two others, the outer one is the 
continuation of the omental band in the 
transverse colon, whilst the other is known 
in the transverse colon as the free band. 
These two antimesenteric bands terminate 
by fusing together on the anterior aspect 
of the rectum. 

Between the three longitudinal mus- 
cular bands lie the normal haustra or 

% : sacculations, devoid of longitudinal mus- 

Fic. 223.—Transverse section through R 
the apex of a saccule of the colon, show- Cular fibres. From the fat of the mesen- 
me VR Seep: (Ee ee tery there extend out prolongations of fat 

on each side, closely adherent to the bowel 
wall, usually as far as the two antimesenteric muscular bands. These pro- 
longations of fat, which serve to protect the vessels, terminate in the 
appendices epiploicee, which, in the normal state, hang free in the peritoneal 
cavity. Beyond the lateral longitudinal muscular bands no prolongations of 
fat from the mesentery or appendices epiploice are found. 
The vessels supply the bowel wall in the following way: After leaving 
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the mesentery, numerous big branches pierce the strong longitudinal muscular 
band lying in the mesenteric 
attachment; others run round 
in the prolongations of fat and 
pierce the circular muscular 
layer; while the main branch 
continues on to the edge of the 
lateral longitudinal muscular 
band, where it gives a branch 
into the appendices epiploice. 
The continuation dips under 
the tenia, and comes to lie 
under the mucous membrane 
of the intestine, anastomosing 
Fic. 224.—Saccule opening into an appendix epiploica. with a similar branch ‘from 
Note the vessels at the apex. the opposite side. The vessels 
entering the appendices epi- 
ploicee may be of considerable 
size, and this is especially the 
case if any inflammatory con- 
dition be present. 

From the above brief ana- 
tomical description of the bowel 
wall, and from the knowledge 
that sacculi develop at weak 
spots in it produced by the 

Fic. 225.—Transverse section through a saccule, wmaceaed of blood-vessels, It vd 
showing vessels at the apex. easy to guess where sacculi 
should make their appearance. 
By far the most common position is between the mesocolic and one of the 
lateral bands. As a rule, they commence close to the side of the lateral 
band, and often open directly into an 
epiploical appendix. 
Sometimes a small sacculus makes 
its appearance on the antimesenteric bor- 
der between the two lateral longitudinal 
bands. They are rare in this position, 
and when appearing there usually have 
no relation to vessels. The reason that 
sacculi do not enter primarily between the 
leaves of the mesentery, as sacculi in the 
small intestine do, is now apparent, for 
the strongest of the three longitudinal 
muscle bands lies in this position (Fig. 
217). 
When a sacculus has made its appear- , 
ance through the bowel wall in the Fic. 226.—Apex of saccule, showing 
common site described above (see Figs. 218 vessels. (High power.) 
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and 219), it tends always to follow the path of least resistance, along the 
course of the vessels—that is, towards the mesentery—and by doing so it 
frequently comes to lie close to 
the edge of the mesentery and to 
suggest at first sight primary sac- 
culus of the mesentery. 

When a sacculus opens into 
an epiploical appendix, as is fre- 
quently the case, it is often so 
well surrounded by fat that it 
escapes notice until the portion 
of bowel bearing it has been dis- 
tended with fluid or air. 

The accompanying micro- 

° Fic. 227.—Transverse section of a saccule of | 
photographs show several points the colon, showing the direction in which it ex- | 
with ‘regard to sacculi that are tends at the apex towards the mesentery. 
worthy of attention. 

Figs. 220 and 221 show marked atrophy of the bowel wall, and especially 
of the muscular coats and _ the 
mucous membrane at the apex of 
the saccules. 

Figs. 222-226 show the relation 
the saccules have to the vessels of 
the bowel wall. 

Figs. 227 and 228 show the 
tendency sacculi have to point to- 
wards the mesentery of the bowel, 


Fic. 228.—Transverse section through a ‘ : 
saccule, showing a tendency to point in line of following along the line of the blood- 
vessels. 


the blood-vessels towards the mesentery. 











CONCLUSIONS. 


1. Sacculi of the large intestine are multiple, they only occur in old 
people, and are acquired. 

2. They are probably due to a general deficiency of the non-striated 
muscle tissue of the individual, as is shown by their tendency to occur in 
various viscera of the same individual. Chronic venous congestion and 
intestinal obstruction are not of prime importance in their etiology. 

3. Sacculi may occur in any portion of the colon, but the pelvic colon is 
by far the most common site. 

4. Sacculi make their appearance almost invariably at one point in the 
colon wall, viz., between the mesenteric and lateral longitudinal muscular 
bands. After piercing the muscle coat they follow the sheaths of the vessels 
towards the mesentery. They never open primarily into the leaves of the 
mesentery as do sacculi of the small intestine. 

5 The blood-vessels of the normal colon may be said to predispose to 
sacculi to the same extent as the spermatic ccrd does to an inguinal hernia. 
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ON THE USE OF SECONDARY SUTURE. 
By Carrary JOHN T. MORRISON, R.A.M.C. (T.C.) 


SECONDARY suture may be defined as any suture of a wound not performed 
within the first twenty-four hours. There is considerable scope for it in the 
surgery of war wounds, where large granulating surfaces so often result, either 
from the nature cf the injury itself or from extensive incisions called for in 
the course of treatment. 

Successful suture saves time—sometimes many weeks or even months ; 
it also obviates to a large extent the pain and disablement resulting from 
adherent cicatrices ; and lastly, if operative interference is required at a later 
date—e.g., for nerve suture—this is rendered much easier. During the present 
war this practice has been widely and successfully adopted in Dr. Carrel’s 
Hospital at Compiégne, and has been advocated by Col. H. M. W. Gray and 
Sir Almroth Wright. It has not, however, been so widely practised as it 
deserves, perhaps mainly because its adoption without the precaution of 
submitting each wound to a bacteriological test has not been generally 
observed. 

The following are a few practical considerations which have been found 
of service in the work of the observation ward at No. 26 General Hospital. 

When is a Wound ready for Suture ?—The test that has been applied 
has been a bacteriological one, as suggested by Carrel. It is a rough clinical 
test, with limitations, but when carefully carried out has been found a great 
help. Major S. D. Rowland, who is responsible for the bacteriological work, 
confirmed Carrel’s observations. His practice is to make films from the wound 
surface, consisting as far as possible of a single layer of cells closely congregated 
together ; the films are made by means of a platinum loop, and_ repre- 
sentative portions of the wound are examined, special attention being paid 
to the skin edge, exposed bone, and any recesses that may be present. He 
finds that when the wound has reached a healthy state, in which it is safe 
to close it, organisms are extremely rare. There are never more than one 
or at the most two organisms in one field of the microscope, and in something 
like 95 per cent of cases these belong to the streptoceccus family. The cells 
are well formed and stain deeply, and tissue cells of various types—cells other 
than polymcrphs—are comparatively abundant. 

These conditions may be attained at any time after the infliction of the 
injury, but I have made a practice of waiting for two consecutive favourable 
reports, at an interval of twenty-four hours, before undertaking the repair 
of any wound. A final examination is made just before the patient goes to 
the theatre. 

Preliminary Considerations.—Any wound may be closed by secondary 
suture, provided that: (1) The skin edges will come together without undue 
tension; (2) The surrounding skin is healthy; (3) The wound surfaces can 
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be approximated so as to obliterate all dead spaces; (4) The bacteriological 
report is favourable. 

1. Approximation of the Skin Edges.—Unless much skin has_ been 
destroyed by the original wound, the skin will generally come together fairiy 
easily during the first ten days. Afterwards it becomes increasingly difficult, 
because cicatrization fixes the edges in their retracted positions. Herniated 
muscle may also be a cause of trouble, and in such cases it is sometimes 
possible to unite the fascia over the muscle with catgut sutures as a first step 
towards closure. In all cases of difficulty, much may be gained by what the 
French speak of as ‘corsettage.’ Strips of strapping are applied to the skin, 
with a row of hooks stitched along the edge nearest to the wound (Figs. 
229, 230). The wound edges are then drawn together by means of thin 
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elastic tubing, the wound surface being protected by a reliable antiseptic 
dressing, which is changed daily. The well-known elasticity of the skin is 
strikingly revealed, and in two or three days it is frequently possible to close 
what at first looked like a hopeless gap. 

A variation of this method which I have adopted is in some ways, I think, 
an improvement. Instead of fixing a row of hooks to strapping, I have had 
them stitched to strips of thin calico, some two inches in width. This is then 
secured to the skin a quarter of an inch from the wound with a spirit glue, 
in the manner recommended by Page for the attachment of extension tapes. 
It should be noted that very thorough drying of the skin is an essential pre- 
liminary. By this means it is possible to take the pull closer to the margin 
of the wound, and there is less tendency to inversion of the skin. Then, again, 
strapping almost always becomes sodden and loosened by lotions or discharges 
within two or three days, besides offering an excellent nidus for the multiplica- 
tion of organisms. _Both of these disadvantages are obviated by the use of 
Page’s glue, but unfortunately it has a tendency to blister some skins. 

2. Health of Surrounding Skin.—It is occasionally found that the sur- 
rounding skin is abraded, or it may have been irritated by iodine or other 
applications, or it may be sodden, perhaps even pustular, from unduly wet 
dressings. It is important that these conditions be set right before secondary 
suture is undertaken. 
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3. Dead Spaces.—There is sometimes considerable difficulty in obliterating 
dead spaces. Pockets should be allowed to fill up, and tunnels to become 
obliterated, before suture. In the latter case an alternative method, when 
no important structures are involved, is to slit up the bridge of skin, and then 
suture. The question of cavities in bone is a difficult one, and is still under 
consideration. In my earlier cases it was my practice simply to leave a 
small drainage tube down to the cavity ; and sterilization of bone is often so 
prolonged a process, that in many instances this is the only possible method 
of procedure. 

4. Bacteriological Examination.—In carrying out the test, pathologist and 
surgeon must work in closest co-operation. The surgeon is best qualified to 
draw attention to suspicious areas, and he should always be present when the 
films are being made. 

The only exception to the rule, “ Before suture, wait till the wound 
reaches the bacteriological standard,” is possibly the case of the bone injuries 
already referred to. In such circumstances I have found it safe to suture 
when the soft parts were ready, even though the bone was still infected, 
provided that drainage was maintained. Otherwise I make the rule absolute. 

Technique of Secondary Suture.—Care taken to secure an aseptic result 
is amply repaid. At first I was greatly troubled by skin infections ; stitch 
abscesses were the rule, not the exception. The reverse is now true. The 
reason I take to be as follows: The skin in the neighbourhood of a wound is 

constantly coming in contact 
with infected fluids; its 
pores are full, not only of 
the usual Staphylococcus 
albus, but also of other and 
more pathogenic organisms. 
It is therefore not sufficient 
in these cases to paint the 
skin with iodine; the most 
scrupulous cleansing is neces- 
sary, as for instance with 
spirit soap, followed by 
ether, and finally by iodine 
or Harrison’s solution, the 
wound meanwhile being protected by gauze wrung out of antiseptic. The 
next point on which stress is laid is the picking out from the wound surface 
of any pieces of cotton or wool that may be adherent. Should silk ligatures 
have been used, and not have come away, they should now be removed. 
To shut them up in the body is to court failure. 

Where there is any possibility of a dead space being left, or if there is a 
little difficulty in bringing the skin edges together, a deep mattress suture is 
inserted. If possible, the needle is carried below a granulating surface (Fig. 
231), but in case of need I do not hesitate to pass through it, as shown in 
Fig. 232; the latter course is often necessary, as for instance when the 
floor of the wound touches bone, or lies just over some important structure. 

The practice of undercutting is sometimes of great assistance: personally. 
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I avoid it whenever I can, but have nevertheless made use of it with advantage 
occasionally. Of course the fear of again lighting up sepsis is always lurking 
in the background. 

I have used both silkworm-gut and Van Hoorn’s chromicized catgut for 
these sutures: on the whole, the former has given more satisfaction. The 
sutures are passed through short lengths of rubber tubing where they press 
upon the skin. Buried sutures have not generally been of much help, as 
they have a great tendency to cut through when tightened. 

The next step is to bring the skin edges into accurate and firm apposition. 
Within the first week this is generally easy. Later it becomes increasingly 
difficult. Ordinary interrupted sutures are perhaps the most generally satis- 
factory ; but in a few cases I have found a subcuticular suture helpful, 
especially where the skin has been abraded or softened close to the wound. 
In certain cases Michel’s clips have been all that was required, and small 
wounds can be closed in this way without any anesthetic. 

A gauze dressing, wrung almost dry out of some antiseptic lotion, is placed 
on the sutured wound, with plenty of wool, firmly bandaged on. The parts 
are placed in the position of greatest relaxation, being splinted if necessary ; 
this is a point of great importance. 

The wound is looked at daily for the first two or three days; if all goes 
well, it may then be left for several days. The deep mattress suture is 
removed after two or three days, the skin-edge sutures about the tenth. I 
usually take the precaution of keeping the strain off the wound with strapping 
for another week when the gap has been of any size. Free movement in such 
cases is only allowed after three weeks. 

Results.—I have performed secondary suture in one series of forty-one 
wounds. The accompanying table, in which the cases are arranged in chrono- 
logical order, gives a brief indication of the results. 






































RESULTS IN 41 CASES OF SECONDARY SUTURE. 


C. U. = Complete union. This must be taken to mean that what one set out to do was accomplished, not necessarily 
that the whole wound was closed, though in the majority of instances this was the case. 

G. U. = Good union. This indicates a satisfactory result in every way, save that perhaps a strip of granulation no 
more than a quarter of an inch broad was left flush with the skin. 

4 U. = Half union. This means that while the stitches uniting parts of the wound held, the rest gave way. Where 
all gave way, I have put down ‘ Gaped.’ 

8. T. O.—T. = Stitches taken out on account of rise of temperature. It is interesting and important to remark that 
both these cases were examples of ‘ tunnel wounds.’ The deductions drawn from them have already been embodied in 
this paper. 

The final column gives the date of complete healing and the cessation of wound treatment. Where the patient went 
home before this occurred, a blank is left. 




























DATE OF 
HEALING 


DATE OF 


SUTURE RESULT 


NATURE OF WOUND SIZE 




















1 | Shell wound, thigh,outerside | 2}in.x 3 in. | 17th day LU. oo 

2 | Shell wound, thigh, outer | 6 in. x 3} in. 18th day C.U. 33rd day 
side, gas gangrene 

3 | Shell wound, thigh, outer | 3 in. x 1}in. 18th day C. U. 27th day 





side, gas gangrene~ | 
4 | Shell wound, shoulder, cuter | Tunnel 23 in. long | 8th day | S.T.O.—T. — 

aspect | 
5 | Shell wound, buttock ox). Ole x + ie. 16th day 4U. — 
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IN 41 CASES OF SECONDARY SuUTURE.—Continued. 


RESULTS 





36 


37 
38 
39 
40 


41 


NATURE OF WOUND 


DATE OF 
SUTURE 


RESULT 











Bomb wound, popliteal space 

Shell wound, hip, fracture of 
trochanter 

Bomb wound, calf . 

Bomb wound, calf. 


| Shell wound, thigh, fracture 


of femur 
Bomb wound, thigh, outer side 


| Shell wound, leg, fracture of 


tibia 
closed) 


(one wound only 


| Shell wound, thigh, inner side 
| Shell 


wound, thigh, pos- 
terior aspect (gas infection) 


| Shell wound, buttock, slight 


fracture 

Shell wound, hip, slight frac- 
ture 

Shell wound, arm 

Shell wound, shoulder, outer 
aspect 

Shell wound, 
aspect 

Shell wound, thigh (throm- 
bosed femoral artery and 
gas gangrene) 

Shell wound, calf (gangrene) 

Shell wound, head 

Shell wound, back 

Shell wound, back 

Shell wound, back . 

Bomb wound, arm «. 

Bullet wound, side of chest 
(other methods tried _ 

Shell wound, head 

Shell wound, chest wall 

Shell wound, leg (bone ex- 
posed) 

Shell wound, shoulder, outer 
aspect 

Bomb wound, wrist, fracture 
(foreign body in joint) 

Shell wound, thigh, outer 
aspect 

Shell wound, arm, fracture of 
humerus 

Bomb wound, arm .. 

Bomb wound, thigh, outer 
aspect 

Shell wound, arm 

Shell wound, forearm : 

Shell wound, scapular region 

Shell wound, arm, posterior 
aspect 

Bullet wound, side of chest 


thigh, outer 





in. 
in. 


6 in. 
44 in. 


23 in. x 
4 in. x 


Tunnel 5 


54 in. x 


St es 
oe i) bt hw — bo AN 


w) 


mie bop 


2 


5 


S55 





13th day 
12th day 


13th day 
13th day 
16th day 


13th day 
6th day 


14th day 
lith day 


13th day 


19th day 


19th day 
llth day 


ace ac 


aa 


cd ac 





12th day | S. 
| 


28th day | 


28th day | 


5th day 
4th day 
16th day | 
8th day 
6th day 
26th day 


7th day 
7th day 
7th day 
6th day 
4th day 
18th day 
14th day 


3rd day 
4th day 


7th day 
7th day 
4th day 
12th day 


6th day 


Gaped 
ah OF 
Gaped 





G. U. 
C.U. 
J. 
.U. 


. U. 
a if 


sas 
ime 
‘Oe 
~U. 


»U. 








C: “ ga 


| C.U.(clips) 
C.U.(clips) 
azaped (clips) 





DATE OF 
HEALING 


23rd day 


| 28th day 
| 23rd day 


29th day 


| 21st day 


26th day 


| 86th day 


12th day 


26th day 


| 18th day 
C. v. (lips) | | 


16th day 


14th day 
14th day 


12th day 
23rd day 


15th day 
12th day 


17th day 
17th day 
14th day 


*30th day 





* In this last case treatment was interrupted for ten days, 


thus accounting for the delay in healing. 
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Arranged as percentages, it will be found that a highly satisfactory result 
was obtained in 75 per cent of the cases. If now the percentage of such 
results obtained in the earlier cases is contrasted with that obtained in the later, 
the proportion is found to be raised from 62 per cent in the former to 90 per 
cent in the latter. This improvement is due to three distinct factors :—(1) 
Taken as a whole, the later cases were of a rather less serious character ; (2) It 
was possible to close them at an earlier date after the infliction of the wound ; 
(3) The technique had been considerably improved. This, I believe, was the 
most important factor. 

It has already been possible to record a few of the late results. Patients 
with large sutured wounds of the lower limbs have been sent out walking. 
Stiffness there has been, of course, but this has been less, I believe, than if a 
wound of the same size had been allowed to heal by granulation. 

Of delayed or residual abscess formation I have seen none. I have heard 
of one patient who had had another operation after transfer to England, 
presumably for the removal of a sequestrum. On the other hand, I have at 
present in the ward a patient, who was admitted with a compound com- 
minuted fracture of the humerus and large wounds, practically healed in a 
month from the time of the injury. 


CONCLUSIONS. 


1. Secondary suture is a valuable method of treatment, above all in the 
case of large flesh wounds. 

2. A successful result depends on how early one is able to close the 
wound ; also to a large extent on the care taken to avoid sepsis. 

3. The bacteriological test—even if only a rough and ready one—has 
been found to be a reliable guide. 


For the facilities enabling this work to be done under active service con- 
ditions, a debt of gratitude is due to the Director-General of the Army Medical 
Service in France, and to Col. H. E. Cree, Officer Commanding No. 26 General 
Hospital. I must also add a note of personal thanks to Major Rowland for his 
active collaboration, and to Surgeon-General Sir George Makins for his con- 
stant help and stimulating suggestions. 
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FRENCH SURGERY IN 1915. 
By Proressor TUFFIER, 


Consulling Surgeon to the French Armies in the Field ; Vice-President of the Commission 
on Prosthetics appointed by the French Minister of War. 


Tue efforts of French surgeons during the year 1915 have been entirely 
devoted to War Surgery. All the medical societies and periodicals reflect 
the advances which have been made in the efficiency of the Army Medical 
Service, both at the front and base. 

The improvements in the organization of this service are largely connected 
with the very definite movement in favour of early surgical intervention—a 
movement which the writer has supported by all the means in his power. 
Underground aid-posts some hundreds of metres from the enemy trenches, 
special operative units (ambulances chirurgicales automobiles) (Dr. Marcile), 
and particularly and above all, a considerable supply of motor ambulances 
close to the firing-line, form a series of measures which enables the wounded 
to be brought in rapidly and treated immediately. These conditions have 
been brought about by the surgical staff; by the directorate of the Medical 
Service of the Armies in the Field, to which the writer has the honour to belong. 

We have had the opportunity of observing at the front the therapeutic 
results of these improvements. There now seldom elapse more than two 
to six hours—often, indeed, it is only half an hour to an hour—after the time 
a wounded man is picked up, before he receives all the surgical care which 
his case demands. This is the best preventive of gangrene, and of all other 
wound infections. Unfortunately, owing to the enemy’s barrage or to the 
position of the wounded between the two firing-lines, it is not always possible 
of realization. 


GENERAL SURGICAL TECHNIQUE. 


Immediate Disinfection of the Wound.—This is the feature of out- 
standing importance.! The method employed is neither ‘antiseptic’ nor 
‘aseptic,’ but—using the terms I have suggested—either ‘mechanical’ or 
‘chemical.’ The first comprises free opening of the wound, extraction of 
bone fragments, foreign bodies, and pieces of cloth, and excision of the track of 
the missile. The second consists in the neutralization of the septic poison by 
a chemical agent. Numerous discussions have taken place on this question, 
following on a circular addressed by the writer to all the medical units at the 
front on the subject of Carrel’s method—that is, constant and continuous 
disinfection by hypochlorites in the form of Dakin’s solution.2 Resulting 
from these discussions, two very distinct forms of ‘chemical’ disinfection are 
advocated: one, not very widespread as yet, but tending to grow in favour, 
consists of irrigation by hypochlorite of soda, and its retention in the wound, 
on the lines of Carrel’s method ; in the other, one of the many antiseptics or 











FRENCH SURGERY IN _ 1915 





421 


a dry aseptic dressing is employed. At the present time the second method 
is by far the more widely employed at the front, where each surgeon has 
his favourite preparation—ether, alcohol, icdine, | Labarraque’s solution, 
Menciére’s solution, eau de Javelle, iodoform, iodine in alcohol, hydrogen 
peroxide, warm or cold serum, Wright’s hypertonic saline solution, ete. 

Bacieriological examination of the wound (Carrel) is made the basis of all 
surgical therapeutics. When a microscopical preparation from the surface 
of the wound no longer contains micro-organisms (three to six days), the 
edges of the latter are approximated (Dehelly, Tuffier) or sutured (Depage). 
A considerable advance in treatment has thus been made possible, and we 
are able to transform a compound fra&ture into a simple one. 

Immediate suture of the wound after ‘mechanical’ disinfection—that is, 
free incision and excision of all the injured parts in the track of the missile— 
without any chemical agent, is a method which is making progress (Gandier, 
Tuffier, Depage). 

Immobilization of Fractures.—This is a subject which has occupied much 
attention. There are two methods in common use: (1) Plaster-of-Paris fixa- 
tion; (2) Continuous extension. Loose bone fragments are removed at once. 

1. Immobilization in plaster-of-Paris is the method of choice for the 
evacuation of the wounded. The writer favours this method strongly, and 
has had various forms of apparatus made for the army—both plain and with 
loops—for use in all varieties of fracture. They are prepared in advance, and 
the surgeon at the front has only to mcisten and apply them—neither shaping, 
stitching, nor mixing ef plaster is required. They are used, too, in compound 
fractures whenever the wound permits. 

The complete immobilization of bones and joints affected by war injuries 
is indispensable to their disinfection. The method of choice in the case of 
the upper and middle thirds of the humerus is fixation in a position of slight 
abduction, or at right-angles ; in the upper part of the thigh, slight flexion 
with abduction is best. 

2. Continuous extension has been recommended as the method for general 
use in the treatment of fractures. Blake,? Sinclair, and, speaking generally, 
the surgeons in charge of American hospital units, and Delbet and Sencert 
of the French surgeons, may be regarded as the chief advocates of this pro- 
cedure. Leclerct has made improvements in the apparatus of this kind used 
for fractures of the upper extremity. It is probable that immobilization for 
transoort purposes is best effected by plaster apparatus, and that continuous 
extension and splints of the Anglo-American type are the methods of choice 
at the base hospitals.® 

Bone suture is indicated when it is impossible to maintain approximation 
of the broken ends by any other method ; wiring may suffice. 

Immobilization applies not only to fractures but to wounds of the 
soft parts; a simple dressing, therefore, generally consists of, first, a pad of 
aseptic gauze, then plenty of cotton-wool, and lastly a firmly applied bandage. 

Foreign Bodies.—Various methods of exploration have been proposed 
and communicated to the Société de Chirurgie. Bergonié’s electro-vibrator 
can be used for exploration, for localization, and as an aid in the surgical 
extraction of magnetic bodies, but it has the disadvantage of requiring a 
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strong electric current.6 We may also mention the Marion-Danion localizer.’ 
the method of extraction under intermittent control by the fluorescent screen, 
Ch. Infroit’s surgical compass for use in cases where the missile is difficult to 
reach,® Hirtz’s!© and Contremoulins™ tripods, and lastly, La Baume’s vibrator, 
which needs the employment of only one finger, and is of the greatest service.!2 

It may be said that, at the front, every foreign body which can be easily 
extracted should be localized exactly and removed ; at the base, every foreign 
body which causes functional disturbance, whatever its situation, should be 
dealt with in the same way. 

Wound Infections.—No standard treatment of these infections has yet 
been evolved, except that the preventive treatment of tetanus has caused its 
disappearance. Early and free incision, excision of the parts destroyed by 
the missile, removal of foreign bodies, ‘chemical’ disinfection, and the extrac- 
tion of bone splinters remains the method of choice in simple infections.13 

The most important factor in the causation of gas gangrene is delay in 
the disinfection of the wound. Another frequent cause is lack of thoroughness 
in the incisions made and in the ‘mechanical’ disinfection. Faulty immobil- 
ization of fractures must also be mentioned. The development in some cases 
is so rapid (two to six hours) that it is impossible to prevent it by surgical 
means. Proof of these statements may be found in the fact that, in certain 
armies where this infection became frequent, when measures were taken to 
see that early and proper free incisions were made, the complication dis- 
appeared. It is met with in two forms, with and without gas, the latter being 
the more grave. Extensive incisions, and injections of oxygen (Depage), are 
the best means of treatment ; amputation is reserved for rapidly ascending 
infections. The frequency has diminished by about 95 per cent. 

The sera and preventive vaccines which have been investigated have not, 
as yet, proved of value against gas gangrene or the other severe infections, 
whether applied generally or locally. B. perfringens and the Vibrio septique 
always seem to be the principal agents ; Sacquépée describes in addition an 
organism allied to B. perfringens. I have never seen these infections in the 
skull, face, or neck, or in a perforating wound of the thorax. The calf, thigh, 
buttock, and axilla are the usual sites. 

Traumatic Shock.—This condition, which is so grave a complication of 
war wounds, is still treated by the old and very often ineffective agents— 
camphorated oil, serum, ether, caffeine. There is general agreement on one 
point, namely, the necessity of raising the body temperature by the direct 
application of warmth. It is a very disputed question whether shock is an 
indication for or against operation. The subject requires further study, for 
certain hyperacute conditions, septic or toxic, have been confounded with 
shock. 


AMPUTATIONS. 


At Maison-Blanche the writeri4 has examined 1731 cases of amputation,* 
made up as follows: Arm, 348; forearm, 145; disarticulations of the 





* T had previously examined 300 cases at the Fédération des Mutilés, bringing the total 
to 2031. 
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shoulder, 77; of the elbow, 18; of the wrist and hand, 34; thigh, 670; leg, 
297; partial amputations of the foot, 86; disarticulations of the hip, 29; 
of the knee, 27; double or multiple amputations, 45. The conclusions drawn 
therefrom are set forth below. 

Lower Extremity.—Disarticulation at the hip-joint, by means of a racket 
incision, results in a wound which closes slowly and gives a satisfactory 
prosthetic result. 

Amputation of the thigh ought to be performed as low as possible; the 
length ef the lever is a point of capital importance in regard to the subsequent 
utility of the limb, especially in the upper third of the femur. Thanks to the 
latest prosthetic appliances, a stump four inches long is the minimum neces- 
sary to provide an efficacious femoral lever ; to obtain a really good result, a 
length of about :ix inches is necessary. 

A sub- or intra-trochanteric amputation—one, that is to say, in the upper 
quarter of the femur—is, owing to the tendency to abduction of the bone, 
more difficult to fit with an artificial limb than a disarticulation at the hip, 
while the functional results are the same: the point of support is taken from 
the pelvis in both cases. One need not, however, proscribe it on that account ; 
it is less dangerous than disarticulation. It is only necessary, in order to 
diminish the inconvenience, for the surgeon to take care to keep the femur as 
straight as possible while the wound is healing. 

Amputation by circular incision results in terminal cicatrices which have 
every defect of situation, shape, and adherence; on this point all surgeons 
are agreed. 

Amputation by an anterior flap, or by two flaps of such a kind that, after 
retraction, the anterior one covers the extremity of the femur, are the methods 
of choice. They leave a much better padded stump, cover the end of the bone 
perfectly, and allow plenty of play between the bone and the soft parts. The 
forces of traction exercised by the artificial limb on the skin are weak. The 
posterior ‘shark’s-mouth’ cicatrix allows full freedom to the front and end of 
the stump. The flap methods, unfortunately, have one disadvantage com- 
pared with the circular: other things being equal, it is necessary to divide the 
bone higher up, and therefore to leave a shorter stump. We must consider, 
therefore, whether a better functional result is likely to compensate for this 
shortening. As the result of the examination of a large number of men who 
have been fitted with artificial limbs, we have come to the following conclu- 
sion: The flap amputation is to be preferred to the circular if the higher 
division of the bone which it necessitates does not alter the character of the 
stump from the middle to the upper type, or from the lower to the middle. 
The site of the amputation should therefore be examined with care, with this 
point in view. Cicatrization must be carefully controlled by nice approxima- 
tion of, and methodical traction on, the flaps. 

Amputations through the condyles of the femur have given very good 
results in the hands of MM. Gourdon, Estor, and Desfosses; we have seen 
many examples. With a good anterior flap, they allow the body-weight 
to be supported on the end of the stump, and patients walk extremely well. 

The value of amputation above the knee with resection of the condyles 
and suture of the patella (Gritti’s amputation) is much discussed. My old 


SURGERY IN 1915 423 





ss 


Se tea ee ene 


424 THE BRITISH JOURNAL OF SURGERY 


pupil Desfosses, Surgeon to the Orthopedic Centre at Clermont-Ferrand, 
says that fixation of the patella beneath the femur, and suture of the patellar 
tendon to the fibrous structures anteriorly and to the tendons of the muscles 
posteriorly, produces excellent results. 

In any amputation of the thigh, one cannot lay too great stress on the 
necessity of high section of the sciatic nerve, and of paying particular attention 
to the surgical toilet of the linea aspera in order to prevent the forma- 
ation of the osteophytes which are so often seen. 

Disarticulation of the knee, properly so-called, either with or without 
preservation of the patella, gives results which are generally unfavourable ; 
all records show this. The writer has had to perform three re-amputations 
for painful, unusable stumps. Dissection showed that the skin was intimately 
adherent to the atrophied cartilages, and no play was possible between the 
bone and the soft parts. The pain on pressure is partly due to these 
adhesions, which are the fatal consequence of suppuration. Unless there is 
some special indication for disarticulation, therefore, an amputation through 
the condyles is better. 

It is instructive to compare the unfavourable results of disarticulation of 
the knee with those of amputation of the leg immediately below the joint— 
an excellent operation—the point dappui in walking being taken from the 
same cutaneous region in each case. It seems that the skin, if the patella is 
left, supports the body-weight continuously, completely, and indefinitely. 
Probably the difference in the results depends on the presence or absence of 
post-operative infection, with consequent adhesion or non-adhesion of the 
skin to the condylar cartilage. 

In amputation of the leg, the cicatrix should be so arranged as to allow a 
point dappui to be taken directly from the stump or from the tuberosities of 
the tibia. Modern prosthetics have made much progress here, and the princi- 
ples that formerly guided our action must be modified accordingly. The 
amputation should be performed as low as possible. A long time ago the present 
writer drew up a memorandum on this subject for the use of the army. The 
results we see are far from satisfactory. The amputation is generally done 
at the ‘site of election,’ either with an external flap or by the circular method. 
While an external flap gives passable cicatrices, the circular method shows 
results which are usually deplorable: adherent, tough, tight cicatrices, often 
ulcerated and painful. A number of these stumps cannot be fitted with an 
artificial leg, and necessitate one or two re-amputations. The operative 
procedure should be modified, both as regards the site of amputation and the 
fashioning of the flaps. As Chassaignac said, the ‘site of election’ is the site 
to be excluded. It leaves the bone too short, if pressure is taken, as it should 
be, from the tibial tuberosities ; too long, if the patient is condemned to walk 
on his knee—it then becomes in Ambroise Paré’s words, “a third leg which 
is a nuisance to the two others.” No longer, then, should there be any 
question of amputating at the ‘site of election.’ If such a site exists, it is at 
the lowest point at which the bone can be divided to permit of a good flap 
being cut. A posterior flap is best, but it has the drawback that it is some- 
times too substantial and leaves rather too bulky a stump; this is a minor 
inconvenience, which pressure will remove. 
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Section of the bones is frequently badly performed in amputations of the 
leg. I have dozens of skiagrams showing the fibula divided much too low, 
far lower than the tibia. It is often displaced outwards, piercing an external 
flap or interfering with its proper position. The great French master of 
operative surgery, Farabeuf, following in classic footsteps, taught, if not that 
the fibula should be disarticulated, at least that it should be divided high up. 
Why is it not done? The answer is that men take the line of least resistance. 
The dissection, isolation, and retraction of the soft parts round the fibula are 
tedious, the interosseous ligament is troublesome ; the operator thinks he is 
dividing the bone quite high; but he is still too low. Above all, let us insist 
anew on the proper, high division of the fibula. 

When amputation is necessary near the knee, three inches or less below 
the joint, the bones must be divided as high, rather than as low, as possible. 
Pressure cannot be taken from the end of the stump or from the tuberosities 
of the tibia after an amputation at this level, and the patient must walk 
on his flexed knee. To leave him with a long, flail-like projection, awkward, 
ugly, and sometimes dangerous, is to condemn him to a serious disability. 
I have twice performed re-amputations under these circumstances. Lastly, 
very high division, even through the tubercle of the tibia, gives excellent 
results, distinctly better than those of amputation of the thigh, provided the 
skin is sound. 

In all these amputations it is important to see that the knee remains 
perfectly mobile, and to control the cicatrization of the soft parts by means 
of elastic modelling or traction. 

Tibiotarsal disarticulation with section of the malleoli, and amputation 
through the malleoli, give good functional results. 

In all these operations, if the flap is sufficient and the knee-joint is free, 
patients walk remarkably well. At Maison Blanche we had several men with 
such perfect function that no limping was present after artificial apparatus 
was fitted. 

Coming to amputations of the foot, sub-astragaloid disarticulation (of 
which the writer has seen only a few examples), the. osteoplastic calcaneal 
amputation, and Syme’s amputation are all very good. Apparatus is easy 
to fit, and the stumps are tolerant. 

It is otherwise with Chopart’s amputation. Many patients cannot walk 
on a ‘rocking’ stump with a plantar cicatrix. Skiagrams show that the tibio- 
tarsal articulation assumes a position of plantar flexion, that the articular 
surface of the head of the astragalus is carried downwards, and that the 
‘protected’ cicatrix becomes, on the contrary, an exposed cicatrix. This 
distortion is the rule ; all reports from the prosthetic service mention it. The 
writer has had to perform two astragalectomies, with an osteoplastic opera- 
tion on the os calcis, to remedy the defect. Skiagrams show many examples 
of so-called Chopart’s amputation in which the scaphoid has been forgotten, 
just as occurs in operative surgery examinations: the stumps are not the 
more comfortable on that account. Of all tarsal operations, Chopart’s is of 
the least value. 

Lisfrane’s amputation and its analogues, on the other hand, are uni- 
versally regarded as being valuable. They afford a tolerant stump, on which 
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the patient, fitted with an orthopedic boot, can walk very easily, and even 
gracefully. I have seen quite a large number of these amputations, almost 
all resulting from frostbite. Frequently they are double, and yet the patient 
is perfectly well able to walk firmly and for long distances. To sum up, in 
amputations of the foot, the aim of the surgeon should be to provide a good 
and painless sole. 

Upper Extremity.—All observers are agreed that the results of amputa- 
tions and disarticulations in the upper limb are infinitely more satisfactory 
than in the lower. The proportion of faulty cicatrices is only 5 per cent. 
Conservation to the utmost possible degree, and amputation as far as possible 
from the root of the limb, are regarded as absolute rules. 

Terminal cicatrices and circular amputations have not in this case the 
disadvantages which make us reject them for the lower extremity. Here their 
position often makes terminal cicatrices those of choice, except for the wrist 
and the upper third of the forearm. They allow a very useful artificial limb 
to be fitted. Circular amputation here has lost none of its reputation. It can be 
employed in all parts of the upper arm, at the elbow, where it gives functional 
results almost equal to those of an anterior flap, and in the middle and lower 
thirds of the forearm. 

In the hand, the smallest stump, even if it only consists of the thenar 
eminence and part of the metacarpus, is of infinitely greater service than the 
most perfect, complete, and modern artificial hand. A dorsal cicatrix is the 
most satisfactory for prosthetic purposes. 

At the wrist, a palmar flap gives an excellent stump. On the other hand, 
we have all seen circular amputations followed by painful terminal cicatrices 
which are unable to bear any pressure. 

In the forearm, it is to be remembered that amputation too near the elbow 
will debar the patient from the benefit of flexion of the artificial limb. It is 
therefore of capital importance to gain the few centimetres which augment 
the value of the limb by 50 per cent. Either the circular or flap method gives 
good results, provided the cicatrix is supple and non-adherent—which is not 
usually the case. In examining these cases we have been struck by two points. 
The first is the vital importance of the site of amputation. No stone should 
be left unturned to see that the bones are divided below the upper fourth. Ifa 
nearer approach is made to the elbow, the patient will lose the movements of 
the forearm which are so important, and wil be in little better case than after 
a disarticulation of the elbow. If, on the other hand, it has been possible to 
divide the bone below this point, he will have the benefit of all the movements 
of flexion and extension. If he has been skilfully treated after the operation, 
he will also retain those movements of pronation and supination which the 
most recent apparatus permits. From the point of view of functional value, 
a variation within very narrow limits of the site of amputation causes a differ- 
ence of over 50 per cent. The second point is the importance of securing the 
mobility of the elbow and the radio-ulnar joint during the process of cicatriza- 
tion. We have seen numerou; cases of intractable articular rigidity. 

In the arm—contrary to the case in the thigh, where the advisability of 
preserving the head of the femur is open to question—it is better to retain 
the humeral head than to disarticulate at the shoulder. This must be strictly 
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borne in mind, for a prosthetic apparatus is fitted infinitely more easily when 
the glenoid cavity is filled up. As to the functional aspect, very short stumps 
less than four finger-breadths in length are valueless, and in these cases pros- 
thesis can only furnish an arm which is worn for appearance’s sake. Section 
lower down enables an apparatus to be fitted whose value depends on the 
freedom of movement in the joint. Cases of rigidity and ankylosis are far too 
common. Movements of the joint must be superintended and promoted from 
the time of the cicatrization of the operation wound. . 


HEAD INJURIES.15 


Skull Wounds.—The frequency of wounds of the skull is greater since 
the employment of steel helmets. This is due entirely to the fact that men 
are now only wounded where formerly they were killed. 

All cranial wounds should be explored. If the bone is exposed, the pro- 
cedure varies according to circumstances. When the skull shows a wound 
track, trephining is called for ; when the bone itself is unaffected, and there is 
no cerebral complication, the surgeon will not interfere. 

If the skull has been penetrated, the patient should be trephined at the 
ambulance station where he is to remain several days ; the operation consists 
in excising the wound track, enlarging and trimming the bone opening, remov- 
ing bone splinters, and extracting any missile tha: is superficially situated. 
The best procedure to adopt in the case of deeply situated missiles has not yet 
been settled. As instruments become more perfect (e.g., Bergonié’s, and 
especially La Baume’s vibrator, and perfect radiography), immediate inter- 
vention in the deep parts of the brain becomes more definitely indicated. 

The great complication, which remains the stumbling-block in all brain 
lesions, is secondary cerebral abscess, which may be either early or very late. 
Its pathogenesis has been much discussed. In our opinion, as explained fully 
at the Congrés de Neurologie Militaire, it is due to insufficient disinfection of 
the intracerebral focus. Here no advance has been made, and we still do not 
know whether drainage by wick, by tube, or by Harvey Cushing’s cigarette 
drain—which the writer always employs, and much prefers—is best. We are 
equally ignorant as to the length of time drainage should be maintained ; 
for this we must look to the indication afforded by the bacteriological study 
of the wound. It should not be discontinued until the wound is aseptic and 
has been so for several days. 

Wounds of the Face.—Much study has been given by Morestin!6 and 
Mauclaire!” to the repair of large ragged wounds of the face. At the front, 
our plan is to repair these wounds almost immediately, however extensive 
they may seem to be, making a minute examination of the torn parts in order 
that they may be restored to their correct anatomical position. The work of 
secondary autoplasty is thus diminished by at least 80 per cent. This is the 
method suggested by M. Chavasse and the writer. 

With regard to the jaws, here again Morestin!§ has described some very 
interesting eases of replacement of bone by fragments of cartilage. Great 
advances in treatment have been made by the dentists. Some there are who, 
by their skill in the construction of more or less complicated bridges, have 
repaired deformities and lesions which were formerly fatal.!9 
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CHEST WOUNDS. 


Penetrating wounds of the chest have been the subject of very many 
communications. Non-interference is the method of choice,2° but the after- 
history of these cases is far from being as favourable as was at first thought. 
Hemothorax and perhaps suppuration are not rare. It is to be specially 
remarked that the extraction of an intrapulmonary missile is becoming an 
absolute rule. It has seemed to us, on the other hand, that an intra- 
pulmonary foreign body, providing it is giving no trouble, should be left alone. 
When a patient has escaped the various forms of death on the battlefield; and 
afterwards the late complications of his wound—and they are many—the 
surgeon has no right to submit him to an unnecessary operation. Moiroud 
and Phocas?! have studied pleural infections caused by thoracic wounds 
without a pulmonary lesion. Lastly, cases of grave secondary hemorrhage 
after wounds of the lung—even bullet wounds—have been described by 
Dufourmantel and the present writer. 

The operative technique employed in the extraction of a missile from 
the lung comprises incision into the pleura, exploration of the pleura and 
lung, removal of the missile, suture, complete closure of the wound, and 
aspiration. 


ABDOMINAL WOUNDS. 


During the year 1914 the policy of non-intervention seemed to have 
gained ground, for the conditions of the medical service were such that inter- 
vention had little chance of success. Now, on the contrary, rapid evacuation 
and the improvement of the front-line dispositions, have resulted in very 
marked progress, and in the cure of very many abdominal wounds. Quénu, 
Rochard, Tuffier, and Duval22 maintain that intervention should be as early, 
as complete, and as rapid as possible. Nevertheless, the relative number of 
cures is still small. After one of the batties in Champagne, Chevassu23 hit 
upon a fortunate series of cures in cases treated by non-interference ;. he 
therefore concludes that abstention should be the rule. We admit that it is 
perhaps excusable.in those cases where the matériel or personnel is such that 
a laparotomy under favourable circumstances is impossible. 

Wounds of the liver and of the stomach are much less grave than those of 
the small and large intestine. This is true also of wounds of the rectum if free 
incision is made early. It is also true of wounds of the kidney ; here, how- 
ever, as the writer has pointed out, we are rather going away from the question 
of abdominal wounds, for it is chiefly on account of the hemorrhage they pro- 
voke that tears of the kidney necessitate surgical intervention and nephrectomy. 

Splenectomy has not the excessive and essential gravity that Willems,?4 
of Ghent, would have us believe. M. Depage has communicated to the Société 
de Chirurgie a very fine series of cases with a large number of cures. 


SURGERY OF THE BONES AND JOINTS. 


The surgery of the extremities is especially concerned with wounds of 
the soft parts and with fractures and joint injuries. In this connection there 
is nothing of particular interest to chronicle, apart from the questions of 
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disinfection and repair in the former, and reduction and immobilization in 
the latter—points which have already been referred to. 

Bone infection has been the subject of a large number of communications ; 
unfortunately no standard method of treatment has been evolved, and osteo- 
myelitis remains the great enemy. Sinuses leading to late sequestra are one 
of the plagues of war surgery. Great progress has been made, however, in 
the prevention of infection. Gaudier, of Lille, Carrel, Depage, and the present 
writer have pointed out the enormous advantages of immediate disinfection 
of the wound, and of its immediate or very early suture when this is possible. 

In joint surgery, the results of arthrotomy have been uniformly bad, 
especially in the case of the knee. The method of choice at the present time, 
in all cases where there is not much disorganization, consists in opening the 
joint, excising the wound track, extracting any foreign bodies, cleansing 
thoroughly, and suturing immediately. Where great disorganization exists, 
immediate resection is indicated, and gives excellent results. This method 
of treatment forms one of the greatest advances made in the surgery of the 
joints, and has caused a large diminution in the number of amputations of 
the thigh. In the shoulder and the elbow, the conservation of bone is an 
object to be specially sought ; the immediate and late results are good. 


VASCULAR LESIONS. 


Wounds of the blood-vessels are very common. Ligature of the two 
ends in the wound is the method of choice in primary hemorrhage, and in 
secondary hemorrhage from a non-septic focus. 

In the case of arteries in which ligature is likely to lead to gangrene, such 
as the popliteal, and in the internal carotid, where obliteration may provoke 
cerebral symptoms, the writer has practised arterial intubation to permit the 
continuance of the circulation. 

Secondary hemorrhage of a mechanical nature necessitates ligature close 
to the bleeding point. The number of cases has diminished in proportion to 
the diminution in number of infected wounds. 

Aneurysm.— Arterial and arteriovenous aneurysms are both very common. 
Treatment by ligature of the four ends and removal of the aneurysm is the 
method of choice, but in some cases ligature at a distance must be resorted 
to25 This method of ligaturing the four ends is usual also in arteriovenous 
ancurysms. 

It is curious how little arterial suture is practised in France, either for 
aneurysms or arterial wounds; its use has been quite exceptional. Dr. 
Soubbotitch, however, considers it to be so simple that in very many cases 
he prefers it to ligature. It is generally impossible to treat traumatic 
aneurysms due to gunshot wounds by methods of repair, and it is only excep- 
tionally that vascular suture is feasible ; a marked alteration in the arterial 
walls is always found: they are friable, and ligatures cut through and tear 
them. 

Where an arteriovenous communication exists, the vessels seem to be 
surrounded by a veritable network of venules which bleed at the least touch, 
and hemostasis is almost impossible (Duval). Duval employed arterial 
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ligature where it was practicable, but in the case of the largest arteries he 
was obliged to ligature above and below the false sac, as near to it as possible. 

Le Jemtel26 treated eighteen cases of traumatic aneurysm by double 
ligature and extirpation of the sac. Extirpation complicates the operation, 
but it makes sure that no collateral branch is left to be a source of heemor- 
rhage into the damaged part. 

Auvray27 has operated on fifteen traumatic aneurysms. These lesions are 
not, he says, aneurysms in the true sense of the word, but rather hematomata. 
The sac consists of a connective-tissue envelope which encysts the extravasated 
blood, and is formed by the compression of the surrounding connective tissue. 
He, too, considers that treatment by extirpation is the method of choice 
in both arterial and arterio-venous aneurysms. All the fifteen cases referred to 
were treated by this method. The final ligature of the main vessels should 
be done as close as possible to the sac, in order to interfere to the least possible 
extent with the collateral vessels serving for the re-establishment of the circu- 
lation in the limb. He has sometimes tied both artery and principal vein 
without gangrene resulting. Monod says that double ligation, provided 
sepsis is absent, is not necessarily followed by gangrene. On the other hand, 
Sebileau reports analogous cases, with ligature of the artery alone, where 
gangrene followed. At the present moment, in fact, we are still imperfectly 
acquainted with the pathogenesis of gangrene resulting from ligature of the 
large vessels.28 


NERVE INJURIES. 


Operations on the nerves must certainly number several thousand. The 


method of free resection and suture recommended by Delorme?? is opposed 
by the generality ef French surgeons, who favour more conservative methods. 
During the year the writer has reported to the Société de Chirurgie more than 
500 cases in which liberation of the nerve and removal of fibrous foci, without 
resection and without nerve suture, gave good results. 

Like the majority of surgeons,3° Gosset,3! who at the time of his com- 
munication had operated on sixty cases, avoids doing a resection and suture 
until he has tested electrically the conductivity of the nerve. On many 
occasions it appeared to the eye to be gravely injured, and at first sight 
excision of the affected part would have been justifiable ; but on stimulating 
the superior and inferior segments above and below the lesion, movements 
were observed in the muscles innervated by the nerve, and resection would 
have been profitless. Excision and end-to-end suture should only be resorted 
to when electrical stimulation gives no result ; even then it is impossible to 
draw definite conclusions, for nerve impulses may travel in a nerve when 
electric impulses fail. The radial (musculospiral) seems to be the nerve 
chiefly affected, owing no doubt to the frequency of arm injuries and fractures 
of the humerus. 

Every nerve wound should be sutured as soon as possible, and with 
perfect asepsis. Unfortunately, in war surgery one finds infected suppurating 
wounds, and operation, which has everything to gain from being early, must 
be deferred.32, Whenever the two ends can be seen in the wound immediately 
after the injury, they should be approximated and sutured. If, however, the 
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wound is suppurating, nerve suture should, in our opinion, be avoided. 
Lastly, we believe the time to perform late suture is immediately after 
cicatrization, of the wound, even though there is still perhaps a chance of 
latent infection. 

Paralyses due to nerve injuries may be (1) immediate, contemporaneous 
with the wound, or (2) progressive, coming on proportionately with the forma- 
tion of cicatricial tissue, or as an after-result of fracture. René Dumas,33 
who has performed 280 nerve operations, has reached some interesting con- 
clusions. He states that restoration by nerve suture should never be practised 
except when, in the absence of any other cause for the symptoms, it is practic- 
ally impossible tc act otherwise: in other words, the indications for the 
operation must be reduced to the lowest possible limits. 

In the great majority of cases, operative intervention comprises two 
steps of equal importance : (1) The liberation of the nerve ; (2) The protection 
of the nerve against fibrosis in the neighbourhood by the interposition of 
healthy tissue. In compression and incomplete division, liberation alone is 
sufficient. In complete section—i.e., section in continuity—conservative 
methods are equally applicable ; instead of resection of the two ends followed 
by suture, as practised by a number of surgeons, an artificial bridge is cut 
entirely from the fibrous tissue and united to the two extremities of the nerve. 
Histological examination shows the presence of a large number of newly 
formed nerve fibres in such fibrous bands (Claude). 

Protection of the nerve against scar tissue is of great importance, for 
we are thus enabled to prevent sclerosis—or, in other words, secondary com- 
pression—round the nerve trunk, one of the causes of arrest in the process of 
recovery after a favourable commencement. ‘Two courses may be adopted : 
(1) The path of the nerve may be changed, so as to transfer it to a healthy 
part ; (2) A sheath of healthy tissue or of neutral material may be placed 
round the nerve to protect it, without modifying its position. 

Briefly, the usual procedure is as follows: An incision is made and the 
nerve exposed above and below the cicatrix. The latter is isolated, and its 
centre exposed and examined. If fibrous, it is resected; otherwise it is 
preserved. 

Functional recovery is always very slow. The writer has drawn atten- 
tion to the fact, which has also been remarked upon by Dumas, that success is 
as frequent in the case of operations on the musculospiral nerve as it is rare 
in those on the ulnar and sciatic. But it will be twelve months yet before we 
shall know much of the end-results following upon the various methods of 
treatment—late suture, suture direct or with ensheathment, the use of 
nerve flaps—the results of these procedures are not yet available in sufficient 
numbers to be able to judge of their value. The immediate suture of nerves 
and tendons in war wounds—a practice which the writer has recommended 
to the army—should be carried out whenever possible. 

Lastly, there remains for consideration the application of physiotherapy 
and mechanotherapy in the treatment of the later functional troubles. These 
methods are widely employed, but the precise indications in each case have 
not yet been formulated. The patient’s own functional re-education of him- 
self is, in our opinion, the best method. 
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PROSTHETIC APPLIANCES. 


There has not as yet been very much improvement in our models. We 
are still employing moulded leather, and in spite of all my efforts, and to my 
great regret, I have been unable to prevail upon the French Commission de 
Prothése,, on which I have the honour of sitting, to adopt some of the 
American models—which, nevertheless, appear to me to offer great advantages. 
Dr. Boureau, of Tours, has constructed some remarkable working artificial 
hands, varying according to the occupation of the patient for whom thev are 
designed. These prosthetic appliances should be fitted as soon as possible 
provisionally at first, and again when the parts have finally settled down. 
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INVESTIGATION OF THE HISTOLOGY OF THE TISSUES, 
IMMEDIATE AND REMOTE FROM THE POINT OF INJURY, 
IN GUNSHOT WOUNDS OF THE LIVER, SPLEEN, KIDNEY, 
INTESTINES, BLOOD-VESSELS, SUBCUTANEOUS TISSUE AND 
APONEUROSIS, AND MUSCLES. 


By Captain E. F. BASHFORD, R.A.M.C. 


It appears that the time has come when some generalizations on the special 
characteristics of gunshot wounds should be reconsidered in the light of the 
more extensive experience now available. For this purpose, wounds com- 
plicated by the super-addition of infective processes must be discarded ; but 
exact knowledge of the extent and nature of the injuries produced by the 
passage of the missiles is an essential preliminary to the investigation of 
bacterial invasion. 

As injuries sufficiently recent and in other ways suitable for some of the 
objects in view rarely reach the base, the assistance of Lieut.-Col. Kelly and 
Lieut.-Col. Ormsby was sought, and being willingly given, led to a number 
of the most useful specimens being obtained from casualty clearing stations. 

It may be remarked that some of the examples dealt with below are 
wounds produced by shell fragments, and that in three instances three missile 
was retained ; in others, the tissues were traversed by bullets the velocity of 
passage of which was not ascertained. It still remains to be proved, however, 
how far the actual velocity with which the bullet traverses the body affects 
the tissues beyond the actual area of the wound track ; and clinical observa- 
tion does not support the view that extensive injury, of the explosive-exit 
form, occurs independently of the bullet meeting with such resistance as is 
offered by bone—when the separated fragments, themselves endowed with 
motion, are responsible for the extensive laceration—or of an _ irregular 
impact of the bullet with the surface, and consequent rotation. In support 
of this view, evidence may be adduced from the large cavities produced in 
the interior of the limbs by fragments of shells which, in traversing the limb, 
have made but small apertures of entry and exit, or may even have been 
retained. Here a mechanism comparable to the spin of a cricket or golf ball 
explains the extent of the tissue damage more readily than any theory of 
expansion in the limb of air compressed by the passage of the missile. 

That delicate structures may be so altered by concussion as to suffer 
either temporary or permanent abolition of function, is a familiar experience 
in injuries to the brain and spinal cord ; but these organs, being enclosed in a 
firm bony capsule, scarcely offer a fair basis of comparison with the other organs 
of the body, even*putting aside the special delicacy of their structure, and the 
high grade of the functions they preside over. In other organs and tissues of 
the body, concussion effects are but temporary in duration, and probably in 
VOL. IV.—NO. 15. 28 
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part due to the impression made upon the nerve-supply. At any rate, after 
two years of war, no evidence has yet been produced to show that permanent 
alterations in function of the solid viscera of the abdomen, such as might be 
expected from wholesale destruction of their secreting tissue, actually take place. 

On the other hand, the production of limited areas of degeneration, as a 
result of interference with the arterial supply, is a familiar phenomenon ; 
and the deductions to be drawn from the following observations would seem 
in favour of explaining the remote structural changes met with in the region 
of gunshot wounds as being due rather to vascular injury than to the effect 
of vibratory concussion or divulsive and expanding forces. 

For the purpose of the present investigation, tissues have been examined 
as soon as possible after injury, and also after the lapse of sufficient time 
to permit of the observation of degenerative and regenerative processes, 
revealing injuries which might have escaped notice on earlier inspection. 


LIVER. 


Owing to the nature of the wounds, the majority of instances of injury 
to the liver which have come to my own notice at the base were of consider- 
able standing, and being heavily infected, could not be utilized except with 
many reservations. Two were found which, while agreeing with Capt. 
Henry’s description of two cases in which the liver was penetrated by frag- 
ments of shell or shrapnel case, permit of an important addition. These 
specimens were both obtained from patients dying at a later date than that 
described by Capt. McNee and Capt. Stokes,2. and at an earlier date than 
those prepared by Capt. Henry. They were selected for this reason, and also 
because one showed evidence of lateral pressure, and the other of the existence 
of well-defined patches of infarction at some distance from a tunnel-like track. 
The first was only twenty hours old, and the second six days. 

The history of the first specimen is as follows : Among the multiple wounds 
produced by a bombing accident, there was one in the left axillary line, at the 
lower edge of the thorax. The missile had passed through the edge of the 
liver about three inches from the margin. The track made an angle of 135° 
at a depth of about an inch and a half, and came out with its centre about 
an inch and a half from the margin. The wound of entrance was stellate, 
with six limbs (Fig. 233, A). About three centimetres from the visible fissures 
there was a round pale-pink area, or rather a bleb, of the size of a split pea. 
Sectioning showed that a fissure ran up from the depth of the organ to the 
capsule, but without rupturing it. The wound of exit occupied about the 
same area as the entrance wound, but had only three limbs, and the appear- 
ance showed that there had been absolutely no loss of tissue. Pieces of cloth 
were embedded in the omentum, the splenic vein and the lower pole of the 
spleen were injured, and the missile was found just below the peritoneum. 

The portions of tissue submitted to microscopical examination are shown 
in Figs. 233, A and B. That in A was cut into sections in a plane parallel 
to the surface of the liver, so as to include the tissue nearest to the track of 
the missile as well as the furthest extensions of the crack and tissue injured 
indirectly by the missile, together with some surrounding liver substance. 

The tissue in B is a section into the depth of the organ, made so as to 
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pursue the course of the crack which is cut across in A. It will be 
observed in B that the fissuring evident on the peritoneal surface is repro- 
duced in the depths of the organ by subsidiary fissures. There was no bile- 
staining anywhere. The microscope showed that both on the surface and 
in the depths the fissures followed for the most part the subdivisions of 
Glisson’s capsule, and that where actual fissuring was not present, either a 
narrow track of hemorrhage passed between the portal tracks and the cells 
of the lobules, or there was hemorrhage into the connective tissue of the 
portal tracks themselves, resulting from injury to the branches of the hepatic 
artery. The bile-ducts were not observed to be disturbed except at the wider 
portions of the fissures, where they suffered in the disorganization affecting 
all the structures of the portal track. 


A B 


Fic. 233.—Liver. A. Entrance wound of bomb fragment, showing fissures of the capsule of 
Glisson. A slice has been cut off to show the extension of one of the fissures into the depths of 
the organ. 

B. Deep extension of the fissure of the capsule. - To the right, under the capsule of Glisson, 
a small bleb is seen at X which has resulted from the direct extension of a subsidiary fissure 
upwards. The finer fissures pass along the portal tracks for the most part. The surrounding 
liver tissue is normal. 


The liver cells bordering on the exposed surfaces showed surprisingly 
little change. The ragged tissue lining the actual track was clothed by a 
thin layer of blood intermixed with cell débris. Beneath this there was an 
irregular but narrow margin of cells with altered, darkly-staining nuclei, or 
irregularly staining protoplasm, and the liver columns were in places widely 
separated, so that the intralobular bile-ducts could be distinctly recognized. 
There was also hemorrhage between the cells of the lobules from the central 
veins in the immediate zone of injury. 

It can be inferred that the subsequent course of the wound, had the 
patient lived, would have shown a tunnel track with a diameter corresponding 
to the extent of the fissures, and hemorrhages, close to which a zone of fibrous 
tissue, as described by Capt. Henry, would have formed, to separate the track 
from normal liver. No remote disturbance could be found, but the interval 
of twenty hours may not have sufficed for the demarcation of any areas of 
infarction. It is obvious that the injuries offered ideal conditions for the 
spread of infection into the organ. 
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The localization of the greatest extension of the injury to neighbouring 
portal tracks suggests that, as the result of sudden pressure followed by im- 
mediate relaxation, the capillaries of the portal vein were torn across as they 
entered the lobule, in keeping with what one would expect from a missile 
entering a solid organ subdivided by ramifications of connective tissue. In 
the area of injury the liver cells themselves appeared to be little altered, but 
in some lobules they appeared swollen and widely separated, in others more 
tightly packed together than normal. 

In the second case, a missile (nature not now ascertainable) entered the 
back at the angle of the left scapula, and passed down through the diaphragm 
and into the liver. The naked-eye appearances were very similar to Fig. 244 
in Sir George Makins’ paper,? and they correspond with Capt. Henry’s 
description of a track “ filled with bright chrome-coloured septic material, 
the margins consisting of very ragged, necrosed, bright-yellow, liver tissue. 
Outside this is a dense, well-defined zone of fibrous tissue which separates the 
septic track from normal liver. Patches of infarcted liver which have not 
undergone necrosis, and are recovering, are visible on either side of the 
localized track.” To this description it is necessary to add that, in our 
specimen, there were in addition outside the fibrous tissue small areas of old 
hemorrhage surrounding or contiguous to portal tracks, and that around these 
areas the liver cells were flattened and arranged in parallel rounded lines. In 
other lobules quite close to the injury there had been hemorrhage around the 
central vein, from which the liver cells had been pushed aside ; elsewhere there 
were isolated capillary hemorrhages as if from blocking of the portal vein. 

The description of the occurrence of regeneration in the liver tissue 
surrounding the infarcted areas may also be amplified, by stating that the 
histological appearances were those of ‘new-duct’ formation, described by 
Robert Muir in rupture of the liver, and by Milne after the experimental 
removal of portions of liver. They exhibited neither anything new nor any- 
thing about the actual occurrence of which there is any doubt, although there 
has been much controversy as to how the facts of the liver regeneration ought 
to be interpreted. It seems probable that a series of wounds of the liver of 
known age would greatly assist in clearing up knotty questions about regenera- 
tion in that organ. 

Both specimens illustrate anew the fact that the injury to the liver is local- 
ized to the immediate neighbourhood of the wound, and so far as it extends 
it is continuous; neither of them can be adduced as supporting the theory 
of a vibration causing widespread and remote destruction of cells. The 
circumscribed area of degeneration found by Stokes and McNee, almost three 
inches from the line of a laceration extending only one and a half inches into 
the liver substance, also appears difficult to explain on the theory of remote 
vibrations. Were the liver not divided: up by connective tissue, any waves 
set up would pass to Glisson’s capsule as the ripples on a pool pass to the shore 
when a stone is thrown into the water. The portal tracks in the liver may 
interfere with the uniform propagation of the increase of pressure set up by 
a missile—and they probably do so, as the hemorrhages in their neighbour- 
hood go to show—but the facts indicate that the maximum of injury is present 
in the wall of the track and not at a distance. 
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Stokes and MeNee do not describe the injury surrounding the track of 
their specimen. They mention bile-staining of the area, to which they attach 
importance. This would indicate that the bile-staining already existed before 
the wound was made—i.e., that the diseased area was antecedent to a wound 
which was only six hours old—as would also the fact of the young connective 
tissue containing a capillary and proliferating bile-duct, as well as the advanced 
necrosis of the liver cells shown in the figure accompanying their description. 
The absence of an extended zone of necrosis at the immediate site of injury 
is really one of the most striking features of gunshot wounds of the liver ; 
and if it is absent here, why should it occur at a distance. These points will 
be illustrated in detail with reference to the kidney (see Figs. 236, to 245). 

The liver, owing to its large size, is frequently the site of gunshot wounds, 
many of which are known not to have been fatal; nevertheless, after two 
years of war, clinical evidence of the late effects of injuries has not been placed 
on record. Equally significant is the pathological fact that when examining 
numerous slides, especially those of the second specimen above described, 
no evidence was obtained that the liver cells had anywhere (outside of the 
actual zone of injury) entered on a marked proliferation, such as is very prone 
to occur in the liver with slight provocation. 


SPLEEN. 


Valuable examples of injuries to the spleen were obtained from Capt. 
Charles and Capt. Mumford. Fig. 234 shows an extensive injury to the spleen 








Fic. 234.—Spleen. (Capt. Charles’s case.) Fic. 235.—Spleen. (Capt. Mumford’s 
The passage of the small piece of shrapnel case.) The missile grazed the surface of the 
shown was responsible for the extensive injury, spleen, and pierced the upper pole of the 
the upper fragment in the figure having been kidney. Extensive hemorrhage around injury, 
entirely severed. There were no remote histo- but no remote changes. Specimen obtained 
logical changes. Specimen obtained at opera- eight days after injury. 


tion a few hours after injury. 
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produced by a small fragment of shrapnel case, one pole of the organ having 
been completely severed. The spleen was removed by operation, and micro- 
scopical examination failed to show any histological disturbance other than 
that due to hemorrhage around the track of the missile and beneath the 
fissures of the capsule; possibly the extensive rupturing had liberated any 
internal pressure at the moment of its production, and thus obviated the 
subcapsular hemorrhages which were sought for. 

In the second case, the capsule of the spleen and subjacent tissues showed 
a stellate wound (Fig. 235), also due to shrapnel case. In this instance, too, 
no remote histological disturbances, or secondary effects due to anemic 
infarction, were detected after death, which took place eight days later. 
m,. he spleen is, however, not very suitable for bringing out striking histo- 
logical pictures such as those obtained with other organs. 


KIDNEY. 


Two valuable examples were again obtained from Capt. Charles and 
Capt..Mumford. In one, a bullet had entered near the upper pole, where it 


Fic. 236.—Kidney. (Capt. Charles’s case.) The missile passed from one pole obliquely 
towards the other pole,-where there was extensive loss of tissue. The other half of the kidney 
was cut in sections and examined microscopically (see Figs. 237, 238, 239, 240, 241). 
Specimen obtained at operation four hours after wounding. 


made a three-limbed stellate wound, whose limbs measured 2 cm., 14 cm., 
and 1 ecm. respectively, exactly similar to those shown for the spleen in 
Figs. 234, 235. Passing obliquely through a long diameter of the kidney, 
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the bullet made a large pyramidal exit wound, with much less of tissue near 
the lower pole. The organ was laid open in halves. The portion containing 
the wound of entrance was sliced in several directions, to permit of complete 
examination of the parenchyma. At a depth of a centimetre the wound was 
concavo-convex, $ cm. by 1°2 em., filled with blood, and surrounded by a 
narrow blood-stained area. It almost immediately became a slit, the narrow 
surrounding zone of hemorrhage being never more than } cm. to 1 em. across, 
till it ended in the hole of exit. The larger vessels had been torn across in 





Fic. 237. Fic. 238. 


Fic. 237.—Kidney. Track of missile near wound of entrance. Hemorrhage filling 
track and running down towards pelvis. Retention of the normal anatomical relations of 
glomeruli and tubules. Compare Fig. 240, showing microscopical appearance above extreme 
right of track. 


Fic. 238.—Portion of kidney bordering on missile track near wound of exit.. Extensive 
hemorrhage, with retention of anatomical arrangement of tubules and glomeruli. Hemor- 
rhage around the ureter, and beneath the epithelium of the calix. Inflammatory dilatation 
of the capillaries of the fat of the pelvis. 


places. It will be seen from Figs. 236, 237, 238, 239, how little disturbance 
there was of the cortical, boundary, and papillary zones of the organ, or 
of the calices and their intervening fat, how little also of the vessels and the 
ureter. In the immediate zone of the injury, the epithelium of the tubules 
was found on microscopical section to be in situ in some tubules and desquam- 
ated in others. The perfect structure was retained in places in which the 
tubules were not only embedded in hemorrhage, but also full of blood. This 
applies equally to the convoluted tubules, the descending and ascending loops, 
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and to the collecting tubules of Bellini. Towards the apices of the pyramids 
many otherwise healthy-looking tubules contained cells which had been des- 
quamated higher up (Fig. 240). The finer details of cell structure were not 
revealed by the methods of fixing and staining employed, to which there was 
no alternative. The cells of the epithelium of some tubules near the injury 
appear swollen, and their nuclei shrunken. Apart from the hemorrhage of 
the actual wound, there were scattered hemorrhages in its vicinity, and, at a 


Fia, 239. Fie, 240. 


Fic. 239.—Transverse section of the kidney from margin of track (exit wound) to inner 
surface. Hemorrhage around exit wound, but no other visible disturbance. The micro- 
scopical appearances at the spot marked X on the figure are shown in Fig. 241. 


Fic. 240.—Kidney. Microscopical appearance of tubules bordering on missile track 
(Fig. 237, left side of figure). The epithelium is swollen and its nuclei shrunken, although 
it has not lost its proper relations in some tubules ; in others the cells are desquamated and 
have a different staining reaction ; in yet others the lumen is filled with desquamated cells. 
Hemorrhage in upper portion of figure. The absence of epithelial cells in some of the spaces 
surrounding the hemorrhage is due to faulty fixation (see text). 


distance; subcapsular hemorrhages from the stellate veins, often of a minute 
size (Fig. 241). In the immediate vicinity of the wound the glomerular 
capsules were full of blood ; but at a distance they showed, at most, a structure- 
less content intervening between the glomerular capillaries and the capsule, 
or they appeared quite normal. The glomerular capillaries showed no visible 
changes. The epithelium of the pelvis and of the ureter showed no departure 
from normal, although the latter was embedded in hemorrhage (Figs. 236, 
237, 238, 239). There were small hemorrhages in the fat between the calices, 
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and the adjacent capillaries in the fat were greatly dilated, as in commencing 
inflammation. They had therefore not lost their power of reaction. It will 
be remembered that the organ was removed only four hours after receipt of 
the injury, by which it had been almost entirely disintegrated ; nevertheless, 
abundant islands of healthy kidney tissue could be found, many of the main 
branches of the renal artery or vein having been spared. The distribution of 
the injuries revealed by the microscope corresponded closely with those seen 
by the unaided eye, except that some of the more minute subcapsular hemor- 
rhages were only evident under the microscope. 





Fic. 241.—Kidney. Subcapsular hemorrhage remote from wound. Some tubules with 
swollen epithelium, some apparently normal. Hemorrhage or exudate into a Bowman’s 
capsule (see Fig. 239 at X). 


The second case of injury to the kidney forms a useful sequel to that just 
described, since the patient died eight days after it was received, and the 
extent of the injury is defined by the resulting degenerative and regenerative 
changes. Capt. Mumford supplied the following details: On June 2 a piece 
of shrapnel case entered the left side of the chest, and was thought to have 
entered the abdomen. The abdomen was opened on June 3 in search of a 
possible bleeding point, but none was found ; for this purpose the spleen was 
specially examined, with negative results. On June 8 the patient had a raised 
temperature for the first time, and he died on June 10. An early autopsy 
showed an injury to the spleen (see Fig. 235), and a wound’ perforating 
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the upper pole of the left kidney. The perinephritic fat was loaded with 
hemorrhage, and being adherent to the organ, it was removed with it. An 
orderly, who was instructed to place the specimen in 10 per cent formalin, 
inadvertently used 2 oz. of a 10 per cent solution in 1} quarts of water. This 
solution dissolved out the blood pigment from the hemorrhage ; but happily 
the tissues were sufficiently well preserved to reveal the following later conse- 





Fic. 242.—Kidney. Perforating wound of upper pole. Extensive hemorrhage into 
perinephritic fat. Track surrounded by clot, which in its turn is bounded by a pale area 
into which blood pigment has diffused owing to the manner of fixation (see text). Hemor- 
rhage around track, but no other naked-eye changes. Portions were removed for micro- 
scopical examination from the half of the kidney shown on the right side of the figure. 
Of these, that nearest the injury (A) alone showed marked pathological appearances (Figs. 
243, 244, 245). Specimen obtained at post-mortem eight days after wounding. 


quences of the injury. Allowing for the manner of fixation, the cut surface 
presented unusual appearances only at the lower pole and surrounding the 
circular bullet track. There the tissues (Fig. 242) showed considerable lacera- 
tion and hemorrhage (and also blood-staining diffused by the imperfect method 
of fixation), extending from the margin of the upper pole in the cortex imme- 
diately under the capsule, past the wound for about one inch. This area 
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narrowed to less than half an inch in the boundary zone, and expanded again 
in the papillary zone. At its greatest extension it showed distinctly pale in 
colour in contrast to the adjoining dark kidney substance, and probably its 
true colour was obscured by the diffusion of blood pigment due to the faulty 
fixation. The pyramids in the area showed in places an exaggeration of the 
normal streaking. The pale margin of this area is indicated by an arrow at 
A in Fig. 242; with a portion of healthy-looking tissue it was removed, as in 
Fig. 242, for microscopical examination, as were also pieces from the remote 
sites marked B and C on Fig. 242. 


Fic. 243.—Kidney. Section through the margin of the hemorrhagic discoloration 
surrounding the track. To the left, degenerated tubules and glomeruli, which have lost all 
nuclear staining and reproduce the appearances of an anemic infarct. To the right, an area 
of healthy kidney tissue. Intervening between the two is a zone showing attempted regenera- 
tion of the tubules. The details surrounding the prominent tubule in the area of anemic 
infarction are shown in Fig. 244, and those of a zone of regeneration in Fig. 245. Some of 
the vessels in the figure have lost their endothelial lining. 


The appearances in piece A alone merit detailed description, since the 
other pieces more remote from the injury presented the appearances of healthy 
kidney tissue. In this piece (Fig. 248), the cortex nearest the injury showed, 
under low magnification, patches of healthy-looking glomeruli and convoluted 
tubules alternating with patches where the glomeruli were with difficulty 
recognizable and the tubules were replaced by seemingly structureless débris. 
In‘ the boundary and papillary zones there was a corresponding alternation 
of the healthy with the dead. The appearances where the naked-eye 
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extension of blood-staining gave a sharp margin with the apparently healthy 
tissue have been depicted in Fig. 243. It will be seen that, while the normal 
anatomical arrangement has not been disturbed, glomeruli and tubules have 
both degenerated in situ.. Both have completely lost their nuclear staining. 
The capsules of Bowman are devoid of evidence of hemorrhage or exudate. 
The glomerular capillaries have degenerated, so that the nuclei no longer stain 
with hematoxylin. The débris replacing the tubules is the degenerated 
epithelium lining the convoluted and ascending and descending tubules 
(Fig. 244). It shows the appearances of coagulation necrosis, the elements 
derived from the individual cells (but not their nuclei) being distinctly 
recognizable. There is no evidence of inflammatory or regenerative processes 


Fic. 244.—Kidney. Details of an area of anemic infarction. A small hemorrhage 
lies to the left of the figure, where are also shown an artery and vein ; in the former the endo- 
thelial lining is desquamated. 


anywhere. The picture is typical of coagulation necrosis as described by 
Weigert long ago, and well known to occur in anemic infarction of the kidney. 
This area is separated from apparently healthy tissue by a narrow zone in 
which there are many tubules giving evidence of attempted regeneration, as 
shown by the epithelial proliferation, and in which the glomeruli look quite 
healthy. An area, selected where the healthy alternated with dead tissue, 
showed the appearances depicted in Fig. 245. The cell outlines of the epi- 
thelium in the dead tubules are retained, but the nuclear staining is lost. 
Some of the glomeruli show proliferation of the endothelium of Bowman’s 
capsule, others a proliferation of the nuclei of the capillaries, while yet others 
appear normal. In short, the whole appearances are incompatible with a 
molecular vibration, which must have passed across all the tubules uniformly, 
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being responsible for the distribution and occurrence of the degeneration. 
This distribution is compatible with its being solely the secondary consequence 
of primary injury to the larger blood-vessels, the vascular arches, the stellate 
veins, and the glomeruli. The patchy distribution of the healthy with the 
dead tissue in this case agrees also with the occurrence of subcapsular hemor- 
rhage as described in the first case of injury to the kidney. 

The findings in these two cases, therefore, differ in important aspects from 
those described by Stokes and McNee, who, as quoted by Sir A. Bowlby, 
state: “The right kidney presented a perforation in its lower pole. A piece 





Fic. 245.—Kidney. Details of a zone of attempted regeneration. Dead tubules and 
glomeruli alternating with living ones. Proliferation of the epithelium of tubules, and of 
the endothelium of Bowman’s capsules. Desquamation of the endothelium of an empty 
artery, with swelling of its wall. 


of kidney was taken from what was apparently a healthy portion of the upper 
pole for microscopical examination. It was hardly recognizable as kidney. 
There was present only a fibrous stroma of the tissues, without any of the 
specific kidney cells, and only one or two glomeruli were recognizable. The 
tubules had apparently desquamated all their lining epithelium, and in a few 
of the collecting tubules there was present some granular material, perhaps 
representing the destroyed cells. The whole section was full of small haemor- 
rhages, and in places there was a slight infiltration with polymorphs.” The 
figure accompanying their description hardly supports it, for, together with 
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hemorrhages, the figure represents kidney tissue, and includes a glomerulus. 
The epithelium is present ; it is separated from the basement membrane of the 
tubules as it might be by shrinkage when imperfectly fixed and manipulated 
during preparation from post-mortem material. The figure indeed exhibits an 
exaggeration of the faults which were also unavoidable in making the prepara- 
tions of which the figures accompanying this paper are accurate representations. 
In the tissue near the injury to the two kidneys here described similar appear- 
ances are encountered, which are depicted in Figs. 240 and 241. 

The two specimens described above appear to show that in spite of a 
gunshot wound of the kidney, a large portion of functioning tissue may remain. 
Such remote injuries as occur are due to hemorrhages, situated where they 
would naturally occur in a parenchymatous solid organ, namely, under the 
capsule, which might be expected to yield to the pressure set up by the missile, 
capillary hemorrhages resulting, just as the stellate fissures running out from 
the point of impact can be ascribed to a sudden increase of the internal 
pressure of the spleen and kidney tearing the capsule at weakened points 
(see Figs. 234 and 235). Other remote injuries are secondary, and due to the 
anemic condition of the glomeruli and of the tubules supplied by the efferent 
arteries originating in the areas fed by the larger vessels which were directly 
injured. 

INTESTINE. 

The accompanying figures are from a wound of the small intestine, and 

illustrate what appears to be a common occurrence. The bullet, entering on 





Fic,” 246, Fic. 247. 


oe Fic. 246.—Small intestine. 1, Hemorrhage round entrance wound. 2, Hernia of 
mucous membrane at exit wound surrounded by hemorrhage. 3, 4, 5, Other hemorrhages 
corresponding with injury to the peritoneal surface seen in Fig. 247. 

Fic. 247.—Small intestine. Three abrasions of the peritoneal surface, corresponding to 
the hemorrhages seen in Fig. 246. 
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one side of the canal, has made the large exit wound seen in Fig. 246 at 2, 
with hernia of the mucous membrane, on the opposite side. The wound of 
entrance was surrounded by hemorrhage (Fig. 246), most marked beneath 
the inner and outer muscular coats. The villi had also a rosy tint in this 
neighbourhood. There was similar hemorrhage on one side of the wound of 
exit, while on the other side, in addition, three smaller hemorrhagic areas 
were present, the most remote being about three inches from the hernia, and 
separated by apparently healthy tissue (Fig. 246). These latter could not, 
however, be ascribed to action at a distance. They correspond with three 
injuries on the peritoneal surface (Fig. 247), in two of which loss of tissue, not 
obvious to the eye, was revealed by the microscope. These injuries were in 
all probability due to the contact of the missile in passing, or to nipping up 
of the intestine by direct violence. The villi showed no departure from 
normal, except in the immediate track of the missile. ' 


BLOOD-VESSELS. 


The secondary effects resulting from injury to vessels have been already 
illustrated in the case of the kidney. They are also of great importance in 
relation to injuries to muscles. This is well seen when the blood-supply of a 
long muscle of a limb is destroyed, as contrasted with the effect on such 
muscles as the rectus abdominis, or the long muscles of the back, where 
there is a ready and abundant segmental supply. 

This subject will be referred to in another paper on the bacterial invasion 
of ‘gunshot’ injuries of muscle ;. but it may be pointed out here that the 
extensive secondary impairment, or death, of the muscle which results, is a 
main factor in promoting the extension of bacterial invasion as seen in the 
limbs—e.g., in the muscles of the front and inner side of the thigh. Similarly, 
the limitation of the area of secondarily degenerating muscle is a main factor 
in the rarity of the gas in phlegmonous gangrene, and in extensive bacterial 
invasion generally of the muscles of the abdominal wall, flank, and back. 

The injuries of vessels have been studied in a number of cases, more 
particularly by following the disturbance of the elastic lamina. They may be 
illustrated by a case which was not investigated in the first place for this 
purpose, but to elucidate the way in which an open passage was made and 
maintained between the femoral artery and vein.. The sections were there- 
fore not studied with a view to ascertaining whether there was only one injury, 
and preoccupation with other aspects led to the tacit assumption that there 
appeared to be also injury at a distance, in accordance with widely-held views. 
A bullet had passed between the femoral artery and femoral vein, injuring 
their contiguous walls, so that a true aneurysmal varix had formed, without 
an intervening sac. When the injured portions of the vessels were removed 
five days later, by Capt. Fraser, the torn walls of the two vessels were united 
so as to adhere on one half of the circumference of the passage between them. 
This union was effected in part by means of an intervening portion of tissue 
derived from the displaced adventitia of the artery. The attention given to 
the nature of this intervening piece led to the tacit assumption that a piece of 
sound vein wall separated the track of the missile from a remote second injury 
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to the vein wall. Re-examination of the sections mounted in series has shown 
that this appearance is due merely to the irregularities of a single transverse 
wound in the vein wall, from which there extended an irregular fissure for 
about three-quarters of an inch in its long axis. 

The limited nature of the disturbance is sufficiently shown by the arrange- 
ment of the elastic membranes and fibres in the accompanying diagram (Fig. 
248). In the present connection, the only microscopical appearances of 





“<= --* 


~ 





‘ 
‘ 
' 
‘ 
‘ 
'‘ 
' 
U 





- 


Fic. 248.—Diagram of injury to femoral artery and vein. The injured walls of the 
artery and vein are everted so as to form an almost continuous tube, and from this transverse 
injury a slit runs axially along the vein wall for three-quarters of an inch, so that the gap 
in the endothelial wall, if seen en face, would resemble a very rough and ragged-edged nail. 
One of the ragged projections from the slit is seen to the left of the diagram, and from it a 
hemorrhage extends downward in tangential section. In a series of sections this hemorrhage 
becomes continuous with that shown on the right of the diagram (see text). 

Continuous black lines on surfaces and enclosed spaces = Endothelium. Wavy lines = 
Elastic lamina and fibres of vascular coats. Cross-hatched and dotted areas = Organized 
clot covered with endothelium. Vein above, artery below. 


interest were the formation of clot in the fissures in the vein; thickening of 
the subendothelial layer of the intima of the artery; limited disturbance of 
the elastic lamina; and the occurrence of proliferation of the endothelial lining 
of the artery and vein, most marked in the latter, from which it had extended 
over the injured surfaces, thus showing that there had been no action inimical 
to the processes of healing on the endothelial cells bordering the edges of the 
wound. 


SUBCUTANEOUS TISSUE AND APONEUROSIS. 


The effects of injury on the elastic fibres has been studied in the subcu- 
taneous tissue, and here also the disturbance is limited to an area immediately 
surrounding the track of the missiles. The capillaries in such an area are 
found, as in the accompanying figure (Fig. 249), to be perfectly capable of the 
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well-known congestion so essential to and characteristic of early inflammatory 
change. In the case illustrated in Fig. 249 they were not only dilated, but 
were crowded with leucocytes, showing that, far from bieng greatly injured, 
they were capable of supplying the requirements of inflammation right down 
to the injured surfaces. 





- Fic. 249.—Subcutaneous connective tissue, areolar tissue, and fat, showing track of 
shrapnel. Dense connective tissue to right and above, which is disorganized and filled with 
hemorrhage around the track. On the left, and abutting into the track, the capillaries 
between the fat cells are widely dilated and filled with leucocytes, in places so densely packed 
as to produce the dark patches seen in the areolar tissue. The intense black spots represent 
emplanted wool-fibres (khaki). Entire area removed at operation twenty hours after 
injury. Compare Fig. 250. 


VOL. IV.—NO. 15. 29 










fi 


i 

















450 THE BRITISH JOURNAL OF SURGERY 


Five days after wounding, an examination was made of the aponeurosis 
covering the origin of the deltoid muscle, through which a bullet had passed 
so as to destroy the head of the humerus and pass out behind. The great 
cellularity of the dense connective tissue around the track, and the occurrence 
of columns of cells, were most striking, as was also the proliferation of new 
capillaries and of the sarcolemma nuclei of the muscle insertions. There could 
be no question of a zone of dead tissue surrounding the track of this missile 
of high velocity. 


MUSCLES. 


The examination of injured muscle has been a daily occupation for eight 
months, but it is orly proposed to consider here whether the injury is localized 


Fic. 250.—Portion of muscle lying beneath dense connective tissue seen in Fig. 249. 
The muscle fibres to left of figure have been immediately killed by the violence of the missile, 
and are sharply delimited from the living muscle fibres, some of which show a proliferation of 
the nuclei of the sarcolemma. To the right, limit of surgical incision into healthy muscle. 
Twenty hours after injury. Compare Fig. 25}. 


to the track of the missile, or has also remote and important consequences. 
The conditions found have been so constant, that they are sufficiently 
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illustrated by two examples representing the early and the late changes 
respectively. Fig. 250 illustrates the appearances of a piece of muscle which 
lay immediately subjacent to the dense connective tissue seen in Fig. 249, 
through which shrapnel has passed and fractured the tibia, in which it was 
embedded. A narrow zone of muscle fibres lining the track is dead and dis- 
integrated. The sarcolemma nuclei are nowhere stained by hematoxylin. 
The dead are sharply defined from the living muscle fibres, the latter presenting 
only an unusual appearance in places where excessive numbers of sarcolemma 
nuclei are apparent in the fibres nearest the track. The sharp distinction 
seen under the microscope was not evident to the naked eye of either the 
surgeon or the pathologist ; but the surgeon had succeeded in his effort to 


remove the injured part by cutting into sound muscle, even if the margin ~ 


appears slight, as the subsequent course of the wound showed. 





Fic. 251.—Muscle fibres adjoining those killed by direct violence, to show proliferation 
of the nuclei of the sarcolemma, advanced in one fibre, abortive in another, and irregularly 
distributed in the rest of the fibres. Marked longitudinal striation and !oss of cross-striation. 
Twenty hours after injury. 


In another figure (Fig. 251), the appearances in the muscle fibres adjacent 
to those killed by the missile, in a similar injury, are shown under higher 
magnification. Longitudinal striation is unusually marked, and the transverse 
striation is not evident. Two fibres are shown in which the proliferation of 
the nuclei of the sarcolemma has proceeded to the formation of almost solid 
tubes of cells, more perfectly in one case than in the other; but there is no 
other evidence of injury leading to regeneration. There is a somewhat wide 
separation of the muscle fibres, which may have been produced partly by the 
preparation of the material. 
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Lest these changes might be the precursors of others only showing them- 
selves later, as in injuries of the kidney, muscle has been frequently examined 
at various intervals after wounds had been received. In them the sharpness 
of the margin of injury is most striking. Fig. 252 shows the track of a missile 
through the muscles of the lumbar region ; it might almost have been made 
by a trochar. Fig. 253 shows a portion of the same preparation under higher 
magnification, from which it is seen that only a narrow marginal zone of the 
muscle fibres has been called upon to take 
part in the processes of repair; the injury 
might be no less had it been produced by a 
sharp knife. 

Long muscles have been cut in continu- 
ous sections from the wound track to their 
insertion or origin, at distances of six inches 
and ten inches in two extreme cases; but 
no remote primary consequences have been 
discovered, nor have any late effects, such as 
necrotic changes, fractures of muscle bundles, 
or hemorrhages at a distance, been observed. 
The extent of the injury to long muscle is 
to be measured, not by a line vertical to the 
axis of the track of the missile, but by the 
extensive surface area comprised in it or 
produced by the loss of tissue. 

In the case of some injuries to the 
muscles of the back, hemorrhage has been 
observed in the septa shown in Fig. 252, but 
it only occurred in those nearest to the wound, 
not more than half to three-quarters of an 


Fic. 252.—Muscle of lumbar 
region, showing track of bullet which 
fractured vertebral column and pro- 
duced death after eight days. Old 
hemorrhage and fibrin around track, 
and above and below it sharp de- 
limitation of injury. In this case 
there is no hemorrhage into the 
intramuscular septa, nor evidence of 
proliferation of the nuclei in the 
septa, such as has been observed 


inch away. 

The secondary consequences of anemia 
of muscles, due to the severance of vessels 
or thrombosis, have commonly been observed, 
but they do not come into the category of 
the special characteristics of gunshot wounds ; 
they will be referred to in a paper on the bac- 


sionally in other cases. ‘Oe alk ot 
Se ey terial. invasion of gunshot injuries of muscle. 


Although the obvious local effects of ‘gunshot’ wounds may sometimes 
be surprisingly extensive in their ragged ramifications, the foregoing observa- 
tions show that remote and other far-reaching effects are by no means universal. 
Indeed, during eight months of close attention to so important a subject, I 
have failed to find any evidence that they occur at all in the organs or tissues 


examined. If vibration be set up by the projectile in the tissues of the body, 
it does not result in capillary hemorrhages, except in situations where they 
would be expected—for example, under the capsule of the kidney; and 
remarkable disintegrations of cells—or even injury of any sort at a consider- . 
able distance from the obvious site of the injury—have not been met with. 
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The heavy infection of tissues by bacteria, effected by the passage of pro- 
jectiles, would of itself serve to shake any belief in vibration being lan 
efficient cause of cell-death, apart from the influence of direct violence. The 
bacterial invasion of injured tissues will be considered in another paper ; here 
it suffices to point out that the facts set out above are all in favour of con- 
servative surgery in ‘gunshot’ injuries. By a too extended removal of tissues 





_ _ Fic. 253.—Muscle of lumbar region. High-power view of line of regeneration after 
injury to muscle fibres (on extreme left of Fig. 251). The sharpness of the line of demarca- 
tion of the healthy from the injured tissue is very striking. 


adjacent to the injury, the gap which has to be filled may often be made 
needlessly great, and the duration of the period of recovery needlessly 
increased, leaving out of all consideration other possible contingencies. 


Figs. 237, 238, 239, 240, 251, 252, and 253 were drawn for me by Mr 
J. R. Ford, with his accustomed skill and accuracy; the other figures have 
been made by myself. 
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AUTOPLASTIC TRANSPLANTATION OF BONE IN 
INJURIES OF THE SKULL. 


By ALBERT E. MORISON, SuNDERLAND. 


OnE of the after-effects of wounds of the present war will be the large number 
of men who have received injuries to the skull for which a portion of bone 
has been removed. The majority of these cases suffer from permanent dis- 
ability, rendering them unfit for further military service, and handicapping 
them on their return to civil life. The symptoms of which they complain 
naturally vary with the seat of injury, but even when the opening in the skull 
is small and the area of the brain over which the bone is missing is such as to 
cause no pronounced local manifestations, most of the cases that have come 
under my care complain of a sequence of symptoms which, if not relieved, 
make the patient morbid and self-conscious, and sometimes even threaten 
insanity. These symptoms are: (1) A feeling of insecurity and nervousness, 
especiaily fear of receiving a blow on the affected part; (2) Giddiness, more 
noticeable when stooping or turning quickly; (3) Headache and throbbing 
in the head after exertion; (4) General malaise, lack of interest, and 
depression ; (5) Partial or complete loss of ccnsciousness, without any accom- 
panying epileptiform seizure ; this occurred in Case 1, where a large area of 
bone had been removed. ; 
The symptoms have been associated with adhesions of the dura mater to 
the pericranium or scalp; but when these have been freed, and the attempt 
has been made to prevent further adhesions by some membrane such as inter- 
posed fascia lata, the troubles have not, in my experience, been entirely relieved. 
There seems to be little doubt that some alteration takes place in the cerebral 
circulation after loss of portions of the skull, and that this may produce these 
serious effects. The only effective and lasting remedy seems to me to be 
restoration of the skull as far as possible to its original condition by a bone- 
grafting operation. Modern advances in surgery have shown that this is not 
only possible, but, with a complete Lane technique, extraordinarily successful. 
Autoplastic grafting of bone yields the best results, and the series of cases 
which I now record indicates the method I have adopted. The anterior and 
internal surface of the tibia offers the most accessible area from which the 
graft can be taken. 
Technique of the Operation.— As a rule, it is not advisable to perform an 
operation within three months of the original wound being healed, as so many 
infected wounds, even when they appear to be soundly cicatrized, have in 
them foci of incarcerated sepsis. When these are disturbed, suppuration 
follows in the newly-made wounds, and failure of the operation is likely from 
this lighting up of infection. It is my custom before operation in all these 
cases to apply radiant heat locally to the sear; if any latent sepsis be present, 
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it is shown by inflammation in the scar. In some cases the scar breaks down, 
allowing of the escape of a little pus. 

When operation has been decided upon, the whole scalp is shaved the 
previous day, the head is washed with spirit soap, ether, and alcohol, and a 
compress wrung out of carbolic lotion (1-40) is applied. Next morning, before 
the operation the compress is renewed. An hour before operation morphine 
(4 gr.) and atropine (zo gr.) is administered hypodermically. The anes- 
thetic employed has been chloroform followed by ether, given by the open 
method. 

After thorough washing of the head with carbolic lotion (1-40), a tour- 
niquet of elastic tubing is applied over dry sterile gauze round the head 
immediately above the ears. The operation area is isolated in the usual 
way by dry sterilized towels. The leg from which the bone graft has to 
be taken is prepared in the same way, and covered by a sterilized towel 
until required. 

1. A horseshoe-shaped incision with the base downwards, extending about 


an inch beyond the opening in the skull, is made through the scalp only, and - 


the flap thus made is separated from the pericranium and reflected downwards. 
The edges of the skin wound are covered with gauze mops fixed to them by 
forceps. Throughout the operation nothing is allowed to touch either the 
head or leg wounds but sterilized instruments. 

2. The pericranium is incised round the opening about an eighth of an 
inch from its margin, the outer portion is separated from the skull about an 
inch all round, and the inner portion adherent to the bony edge is freed from 
it so that a periosteum detacher may pass under the skull between it and the 
dura mater round the opening. The pericranium adherent to the dura in the 
centre of the gap is thus freed at its margins, and lies between the brain and 
the bone transplant when the latter is placed in situ. 

The dura is not opened unless there are symptoms present which indicate 
the need of doing this, such as attacks of general or local epilepsy, or if the 
brain cannot be felt pulsating over the whole area of the exposed surface. 
These are indications that the thickened dura may have to be removed and 
replaced by some other membrane, such as fascia lata, ete. (see Case 3). 

3. The outer table of bone is removed for about half an inch round the 
skull opening. The object of this is to make a ledge on which the new bone 
graft rests. In the absence of electrical instruments, this is best accomplished 
with a large, very sharp gouge, chipping vertically round the opening, with 
a smaller gouge removing the outer plate from the edges horizontally. The 
rough pieces of bone left on the ledge are easily removed by gouge chipping. 

Ordinary joiner’s gouges and chisels are much sharper than the surgical 
instruments supplied, and require less hammering to chip away the bone, so 
I have always used them. 

4, Measurements with a pair of compasses are now taken of the size of the 
tibial graft reauired. The head wound is covered up with a mop wrung out 
of hot saline solution, and the leg from which the graft is to be obtained is 
laid bare. The leg skin is washed with hot salt solution, and a vertical incision 
made over the tibia for the length required, down to, but not through, the 
periosteum. 
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The skin is reflected to each side till the whole width of the tibia is 
exposed, and the skin edges are covered with gauze mops fixed with Lane’s 
forceps. The periosteum is incised about an inch longer than the bone 
required, reflected to that extent. and laterally to the full extent of the tibia. 
It is important not to take the crest of the tibia in removing the graft, because 
if it is removed, the tibia is so weakened that a slight accident may produce 
fracture. This actually happened in Case 2 (see Fig. 258). 

When a larger piece of bone than the width of the tibia is required to 
fill the gap in the skull, a longer portion of tibia is taken, and divided trans- 
versely into pieces sufficient to cover the gap. The tibia is sawn on each 
side to the depth corresponding to the thickness of the outer table of the 
skull, the upper and lower limits are chiselled to the required depth, and 
the portion of bone, with periosteum attached, is finally removed with a 
wide chisel. 

5. The graft is now trimmed with nibbling forceps to correspond to the 
shape of the skull opening and to fit it as accurately as possible. Where 
the opening is long, the graft may require to be divided in its middle trans- 
versely (leaving the periosteum intact), to make it correspond to the curve of 
the skull (as in Case 1); and when two pieces of bone are needed to fill in 
the gap transversely, the graft, taken longer for the purpose, is divided, and 
the two pieces are placed side by side. The adjoining periosteum of each 
piece is then stitched together with a fine continuous catgut suture (Case 9). 

6. The tibial graft is laid on the ledge of the inner table. The separated 
pericranium is stitched with interrupted sutures of No. 2 catgut to the 
periosteum of the g aft, thus fixing the graft in proper position. 

7. The scalp flap is replaced in its original position, and sutured there 
with silkworm gut. 

The leg wound is closed with Michel's clips. Dressings of sterilized gauze 
wrung out of spirit, and wood wool, are applied; the head tourniquet is 
removed, and a capelline bandage put on. Neither of the wounds is looked 
at for ten days, when the stitches and clips are removed. 

After-Progress.—<All the twenty-one cases on which I have operated 
have recovered very rapidly from the effects of the operation, and all have 
complained of their leg more than their head. All have healed per primam. 
Union of the graft to the skull appears to be rapid—in ten days it is quite 
secure—and no absorption of the bone has taken place so far as can be judged 
from clinical examination and by zw rays. I had an opportunity of examining 
one of the grafts four months after the operation (see notes on Case 1), and it 
is interesting to note that firm osseous union had taken place between the 
skull and the graft, and that no greater amount of new bone had been thrown 
out by the graft than was required to cause union to the skull. 

The general symptoms complained of before operation have disappeared, 
and some of the men have returned to duty. In all cases it has been noted 
that the grafted bone remained tender to pressure for from six to eight weeks 
after operation, but this has gradually disappeared. In cases where special 
symptoms were present, the condition has been noted under each case report, 
and any points of interest arising out of the cases are mentioned in connection 
with their own notes. 
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CASE RECORDS. 


Case 1.—Cpl. J. C., age 28. Wounded in head on Nov. 14, 1914. Admitted 
into Hamerton Red Cross Hospital, Sunderland, on Oct. 26, 1915, complaining of 
headache, giddiness, especially when stooping, and a general feeling of insecurity. 

History.—Patient remembered being taken to the dressing station, after which 
he recollected nothing until the following day, when he found himself in hospital in 
Boulogne. He had already been operated upon. He was sent to England on Dec. 3, 
to Leicester, and discharged to light duty on June 15, 1915. 

On Apmiss10on.—There was a large gap in the skull, 4? by 3} inches, in the left 
temporoparietal region. The brain could be felt pulsating all over this area,{and 
pressure on it caused pain and a feeling of faintness. The lower margin of the gap 
extended down to the zygomatic arch, and the patient had difficulty in eating, 
owing to dragging on the wound area. 

First OPERATION, Nov. 16, 1915.—A large elliptical incision was made round 
the opening in the bone about one inch outside its margin, base downwards, and the 
operation was carried out as described. 




















Fic. 254.—Case 1. Gap in left temporoparietal region, 4} » 3} in. 
After first operation (74 days). 


A portion of the front of the right tibia 43 inches long and the whole breadth of 
the bone was chiselled off. It was divided into two portions transversely to fit the 
gap more readily, the periosteum being kept intact. This only filled the upper half 
of the bony opening. The patient’s recovery was uninterrupted, and he was dis- 
charged from hospital on Feb. 1, 1916 (Fig. 254). 

SECOND OPERATION, March 23, 1916.—A flap of scalp similar to that in the pre- 
vious operation was reflected downwards as far as the zygomatic arch. The peri- 
cranium was separated from the dura as a separate flap, which inciuded the temporal 
muscle. The bone graft previously introduced was found to be firmly united to the 
cranium, and apparently of the same thickness as when inserted. 

The dura was separated from the edge of the bone all round the remaining gap, 
and at the lower part a portion of the temporal muscle adherent to it was included. 
The margins of the bone were refreshed with nibbling forceps, as the squamous portion 
of the temporal bone was too thin to bevel. A portion of the left tibia, 34 inches 
long and 1 inch wide, was transplanted into the gap, but the periosteum was not 
removed with it. The pericranium-muscle flap was brought over the gap, and stitched 
with catgut sutures to the periosteum of the first graft. The patient’s recovery was 
uneventful. 
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RemArRKS.—As this was the first operation I had attempted, I did not close the 
whole gap in the skull at one sitting, for it was not possible to get from one tibia a 
portion of bone sufficiently large to cover in the whole of the vacant area, and it 














Fic. 255.—Case 1. After second operation (152 days; upper graft 280 days old). 


' would, have prolonged the operation beyond two hours’ limit. Fig. 255 shows the 
condition of the bone twenty-one weeks after the second operation, and it is interesting 
to compare the two grafts inserted at a four months’ interval. 














Fic. 256.—Case 2. Gunshot wound over right parieta! eminence. 
cea : & ‘ 
Gap in bone, 2 x 1} in. Before operation. 





Case 2.—Pte. A. H., age 23. Admitted into Hamerton Hospital on, Oct. 26. 
1915, complaining of noises in his head and pain in his left car. 
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History.—He had been wounded in the right side of his head by a rifle bullet 
on April 30 while in the trenches. On admission to the dressing station he was uacon- 
scious, and was trephined immediately. , On the sixth day he was transferred to 
Boulogne, and thence to England. 

On Apmission.—Over the right parietal eminence was a scar, which appeared to 
have been septic, but was now soundly healed. There was an irregular gap in the 
bone about 2 by 1} inches (Fig. 256), over which the brain could be felt pulsating. 














Fic. 257.—Case 2. After operation (317 days). 


OPERATION, Nov. 16.—A _ horseshoe incision with the base downwards was 
made round the opening, and the scalp-periosteal flap dissected downwards by 
separating the pericranium from the dura mater. A piece of bone 2} by 13 inches 
was taken from the right tibia. It was shaped 2 
with nibbling forceps to correspond as nearly 
as possible to the space in the skull, and by 
means of gentle tapping it was wedged into 
the gap. The flap of scalp and pericranium 
was brought over it, and stitched in position 
with silkworm-gut sutures. His recovery was 
uninterrupted (Fig. 257). 

On Dec. 30, while getting out of a tram- 
‘ar, he slipped and fractured his tibia at the 
upper margin of the site from which the bone 
graft had been removed (Fig. 258). As it did 
not unite, and the position was very bad, the 
tibia was plated on March 22, 1916. <A piece 
of muscle was found between the ends of 
the bone. 

Remarks.—The unfortunate accident to 
this patient’s leg taught me that it is not safe 
to remove the crest of the tibia. The bone is 
so weakened by doing this that a slight accident 
may produce a fracture. In all subsequent 
operations this rule has been adhered to, and 
no further misfortune has arisen. 


Case 3.—Cpl. J. S., age 33. Admitted 
into Hamerton Hospital on Dee. 2, 1915, 











ae Tae aT Tee Fig. 258.—Case 2. Tibia showing 
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: ieining of pain in the head, gidd fracture the result of accident at the site 
and ‘fits. from which the bone graft was removed ; i 
History. — He was wounded in May. the crest of the tibia was taken away. ° 


He was unconscious after the injury, and 

is unable to remember anything about it. He was trephined in France. Shortly 
after he arrived in England, he began to have twitchings in the right side of his body. 
He had a stiff feeling in the right big toe, which spread to the foot and then to the 
whole of the right side of the body. His speech was also affected, and he was not 
able to pronounce words. These ‘attacks’ came on at first not very frequently, but 














460 THE BRITISH JOURNAL OF SURGERY 


before admission became more severe and more frequent, sometimes occurring twice 
in a week. The whole of the side became rigid and twitched. and he was unable to 
walk or to grasp anything in his right hand. ; 

On ApMission.—The patient was dull and stupid, and when asked questions 
was unable to express himself freely owing to inability to find words. The right arm 
and leg were both weaker than the left, there were slight tremors of the right angle of 
the mouth, and the deep reflexes on the right side were al) exaggerated. The tongue 














Fic. 259.—Case 3. Gap in left parietal bone 1 » § in. Jacksonian epilepsy 
followed. Before operation. 


was protruded normally. There was no optic neuritis. There was a portion of the 
skull missing in the upper part of the left parietal bone, about 1 by 3 inch (Fig. 259). 
The scar was depressed and adherent, and no pulsation could be felt in the opening. 

OPERATION, Dec. 11.—The skin-pericranium flap was reflected downwards, and 
in the region of the scar was adherent to the underlying dura, and was dissected off 
it. The dura was not pulsating, so it was opened and excised. As soon as it was 
opened, a quantity (one to two drachms) of cerebrospinal fluid escaped, as if from a 
cyst, and the brain almost immediately began to pulsate. “A small vessel in the pia 
mater bled freely, and though pressure with a hot mop was applied and a fine needle 
with catgut ligature passed under it and tied, the hemorrhage was not arrested. The 














Fic. 260.—-Case 3. After operation (75 days). 


opening in the bone was slightly enlarged to try and get hold of the vessel, but this . 
also failed. Pressure was temporarily applied, and a piece of the tibialis anticus muscle 

was taken from the leg from which the bone graft was to be obtained, and laid upon 

the bleeding point. Gentle pressure applied to it effectually stopped the bleeding, 

and the piece of muscle was left in situ. The operation was then completed as 

described (Fig. 260). 

AFTER-PROGRESS.—Convalescence was uninterrupted, except by slight attacks 
of Jacksonian epilepsy on the right side. These gradually became less severe and less 
frequent, and on last hearing from the patient aiter his return to his unit he had been 
free from symptoms for seven months. 
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Case~4.—Pte. W. H. H., age 28. Wounded in the head on April 26, 1915. 
Admitted into Hamerton Hospital on Jan. 4, 1916, complaining of giddiness, 
especially when stooping, and a feeling of insecurity in his head. 

History.—After being wounded he was unconscious for only a few minutes. 
He had difficulty in swallowing, and total loss of speech for about half an hour. 
Afterwards his speech was incoherent and there was difficulty in articulation, then 














Fic. 261.—Case 4. Gap in left temporoparietal region, 2 x 1} in. 
After operation (43 days). 


slight aphasia for several days. His wound was dressed within a quarter of an hour 
of receiving it. He then walked four or five miles until picked up by an ambulance. 

OrERATION, April 29, at Rouen.—‘‘ Comminuted fracture of left temporo- 
parietal region. Fragments of inner plate fished out from beneath skull. No tear 
of dura. No replacement of bone. Slight aphasia after injury, which has now passed 
off, and convalescence has been uneventful.” Arrived in England on May 21. 


ie 












Fic.4:262.—Case 5. Gap over left parietal bone, 1} x 1 in. Before operation. 


On Apmission.—There was an irregular ovoid gap in the left temporoparietal 
region over the lower part of the fissure of Rolando, about 2 by 1} inches of the bone 
having been removed. The brain could be felt pulsating over the whole area. 

OreRaTION, Jan. 12.—A portion of the left tibia was transplanted into the skull 
in the manner described. 

He was discharged from hospital on March 6 (Fig. 261). He has remained quite 
well, and has been passed as fit for active service again. 
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Case 5.—Pte. T. P., age 37. Wounded by rifle bullet on the left side of the head 
on Aug. 15, 1915. Admitted into Hamerton Hospital on March 10, 1916. 

History.—He did not lose consciousness when wounded. He was operated 
on immediately (no further notes available). He was returned to his unit for light 
duty, but owing to giddiness and a feeling of insecurity he could not continue at it. 

On Apmission.—He had no physical disability, but had giddiness, especially on 
stooping or hurrying, and a general feeling of uncertainty. There was a gap in the 
skull of about 1 by 14 inches over the upper part of the left parietal bone, through 
which brain pulsation could be felt (Fig. 262). 

OPERATION, June 7.—The skull opening was prepared in the usual way, and a 
portion of the left tibia transplanted into it. The width of the tibia was not suffi- 
cient to fill in the whole of the gap, so a further portion of tibia about ? by 3 inch was 











Fic. 263.—Case 5. After operation (103 days). 


removed and placed in the upper portion, and the periosteum of the larger graft was 
stitched over it and all round to the adjoining pericranium. The skin incision was 
closed in the usual way. Convalescence was uninterrupted (Fig. 263). 

Case 6.—Pte. H. S., age 32. Wounded in the head on Aug. 9, 1915, by a piece 
of shell. Admitted into Hamerton Hospital on March 16, 1916, after having tried 
to do light duty with his unit and failed. 

Hisrory.—After the injury he was unconscious for twelve hours. He was 
operated on in Tréport. 

On Apmission.—Complained of headache and dizziness, especially when walking 
quickly or stooping suddenly. and was very nervous lest he should get a knock on his 
head. There was a depression in the skull over the posterior part of the right parietal 
bone, and a portion of skull about 1} by ? inches was missing. The scar was adherent 
to the dura. The former operation scar could be seen. Pulsation was present in the 
centre of the depressed area. 

.In the left arm the movements of the shoulder and elbow were normal ;_ there 
was some rigidity of the wrist, but free movements were possible. Sensation in the 
hand was fairly normal, but was delayed over the ulnar distribution. Movements of 
the thumb and forefinger were fairly normal, but there was very little flexion of the 
third, fourth, and fifth fingers ; on flexing them they remained in the position in 
which they were placed, as in a cataleptic condition. 

OPERATION, March 28.—The usual operation was performed. 

AFTER-ProGrEss.—On Aug. 28 the patient had been with his unit for two 
months, and all his symptoms had disappeared. The transplanted bone is still 
slightly tender to pressure. 

Case 7.—Pte. T. H., age 22. Admitted into Hamerton Hospital on Jan. 12, 1916. 

History.—He was wounded in the head by a piece of shell on Oct. 1, 1915, and 
on admission into hospital the same night, was operated on. He remained in hospital 
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a fortnight, and was then transferred to Rouen, and thence to England. In 
December, 1915, he was operated on for appendicitis. 

On Apmission.—Patient complained of severe pains in the head. An a-ray 
photograph showed a gap in the side cf the left frontal bone, about 1 inch in length 
and ? inch in breadth, an inch above the superciliary ridge. There was a small 
metallic foreign body in the skin at the posterior part of the opening, and a larger 
piece localized as lying on the back and outer side of the left orbital plate of the 
frontal bone. It appeared to be causing no symptoms. 

OpERATION, May 31.—The usual operation was performed. The dura was 
adherent to the pericranium, and on separating it a meningeal vein bled freely. It 
was temporarily stopped with gauze pressure until a piece of the tibialis anticus muscle 
could be obtained from the leg from which the bone graft was taken. This, applied 
to the bleeding point, stopped the hemorrhage. A piece of the anterior surface of 
the left tibia 14 by ? inch was removed and transplanted over the opening in the 
skull. 

AFTER-PROoGRESS.—Patient was discharged from hospital to his unit on June 
26, and has remained quite well. 


Case 8.—Pte. E. G., age 35. Admitted into the Northumberland War Hospital 
on Sept. 14, 1915. 

History.—Patient was struck on the head by a piece of shell on July 13. He 
remembered nothing more for three weeks, when he found himself in the 2nd Canadian 
Stationary Hospital. He was trephined in this hospital, and sent to England on 
Sept. 13. 

On Apmission.—In addition to several small wounds on various parts of his 
body, there was a healthy granulating wound in the region of the left parietal and 








-— 


lic. 264.—Case 8. Gap in left parietal and occipital bones, 1} 1} in. 
After operation (16 days). 


occipital bones. An w-ray photograph shows a trephine opening in the bone, in the 
anterior inferior angle of which is a loose body, which may be metal or bone, at 
about the level of the inner table. In the same angle, but slightly deeper, is a 
cloud of fragments of loose bone. Patient was in fair condition, but complained of 
general pains over various parts of his body, which he likened to electric shocks. His 
memory seemed affected, and he was depressed, and suffered from headache. A feel- 
ing of needles and pins, especially about his right hand, came on occasionally. The 
superficial reflexes were not exaggerated. There was normal flexion of the great toe. 
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The, knee-jerks were exaggerated, but equal on both sides. The arm reflexes were all 
exaggerated. There was no jaw-jerk. The eyes and vision were normal. 

OpERATION, Dec. 15.—A horseshoe incision was made with its convexity up- 
wards and with the old wound scar as its centre, and was reflected downwards. The 
pericranium was adherent to the dura, and was excised separately. The dura was 
opened at the anterior inferior angle, where the v-ray plate showed the foreign body 
to be. The latter was found in this position, lying in a small subdural abscess con- 
taining about a drachm of pus, and was removed. The pus cavity was carefully 
mopped out with gauze, and a small drainage tube was put in the cavity, brought 
through a wound made in the skin flap, and stitched in position. The skin flap was 
sutured with silkworm gut. On Dec. 17 the wound was dressed and was looking 
well: the discharge was serous and the tube was removed. By Jan. 12, 1916, the 
wound was quite healed. The patient felt well, and was sent to a convalescent 
hospital. 

Seconpd OPERATION, June 21.—The usual operation for bone transplantation 
from the tibia was performed. The tibia was not sufficiently wide to cover in the 
whole opening laterally, so a small piece of bone was taken from each end of the tibial 
graft and placed in the small opening that remained above and below the larger graft 
when it was placed in position. The periosteum of the main graft was brought over 
the smaller ones, and stitched to the pericranium round the opening. The wound 
was dressed for the first time on June 30, and was quite healed. Fig. 264 shows 
a skiagram taken on July 7. Aug. 30.—The patient returned from a convalescent 
hospital after five weeks there, feeling quite well The graft was still slightly tender. 


Case 9.—Gnr. J. K., age 25. Wounded in the left temporal region by a shell on 
Feb. 9, 1916. Admitted into the Northumberland War Hospital on Feb. 22, under 
Prof. Rutherford Morison, to whom I am indebted for the case. 

Hisrory.—He was not sick after being wounded, nor did he lose consciousness. 
He was trephined twelve hours after injury. 

Note sent jrom Francc.—** Quite conscious. Difficulty in speaking, but under- 
stands words quite well: Paralysis lower half of right face and right half of tongue. 
Pupils normal. Pulse 70. Operation on Feb. 10: scalp flap. Piece of skull and 
hair on outer surface of skull removed. A loose piece of bone, size of a florin, 
depressed and jammed under skull. Dura much bruised but not torn. Dura 
pulsating and not opened. Wound in scalp excised. Drainage tube to dura.” 

On Apmission.—There was a large curved healed incision wound extending 
about one inch above the external angular process of the left eye upwards and 
backwards and then downwards to one inch above the left mastoid process. In 
the centre of the arc was a deep granulating wound, not very septic, the size of a 
sparrow’s egg, from which was protruding a drainage tube 14 inches long. There 
was pulsation in the wound and in an area anterior to it, this being about the size of 
a five-shilling piece. The tube was removed and a spirit gauze dressing applied. 

The speech was hesitating sometimes ; there was slight paresis of the lower half 
of the face (right). An a-ray photograph taken on Feb. 23 showed a trephine open- 
ing three inches in diameter in the frontoparietal region. On March 1 the wound 
was much cleaner and healing quickly. March 16.—Wound healed. On April 5 
patient complained of numbness in the right hand, and a week later was sent to 
a convalescent hospital. He returned from the convalescent hospital on June 1 for 
operation, still complaining of headache and dizziness. Speech normal. No right- 
sided paresis. 

OPERATION, June 9.—Rubber tubing was applied round the head as a tourniquet. 
A curved incision was made through the scalp about three-quarters of an inch distal 
to the trephine opening. The incision formed about three-quarters of the circumfer- 
ence of a circle, the centre of which was the central point of the trephine opening. 
The base of the flap thus formed was below the opening in the skull, and extended on 
to the left temporal muscle. The scalp was then dissected down off the dura mater, 
leaving the gap exposed with an area of skull three-quarters of an inch deep round it. 
The pericranium was then separated from this area of surrounding bone, except at 
the base of the flap, and the bone was bevelled by means of a gouge. The left tibia 
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being exposed by a longitudinal incision 8 inches long over its anterior surface, and 
the exact measurements of the gap being taken, a thin layer of the anterior surface of 
the tibia about 1} inches broad and 64 inches long was removed with its periosteum. 
This was done by first marking out the portion with a laminectomy saw and then 
with a chisel. This portion was divided into two, and the two pieces were laid over 
the gap, with the medullary surface towards the dura and the periosteum externally. 
The periosteum of the bone was then sutured with interrupted sutures of catgut to 
the pericranium all round the circumference, except at the base, where it was sutured 
to the temporal muscle, the edges of the two grafts resting on the bevelled surface. 














Fic. 265.—Case 9. Gap in frontoparietal region, 3 x 3 in. After operation (23 days). 


The periosteum of .the two grafts was also sutured together at their contiguous 
borders. The scalp flap was then brought over the grafts and sutured with silkworm 
gut. The dressings applied were spirit gauze, plenty of cotton-wool, and cotton and 
elastic-webbing bandages. 

AFTER-PROGRESS.—Except for some cedema of the face, which passed off 
in a few days, the patient’s recovery was uneventful (Fig. 265). On Sept. 6 he was 
quite well. 


Case 10.—Pte. G. W., age 19. Admitted into Hamerton Hospital on June 2, 
1916. 

History.—Patient was hit in the head with a machine-gun bullet at a distance 
of about two hundred yards, while in a charge. He became unconscious at once, and 
remembered nothing further until he found himself in the 23rd General Hospital at 
Etaples. He was not operated upon until he was transferred to the Wharnecliffe 
War Hospital, Sheffield, on Sept. 6, 1915. The bullet was then removed. He was 
discharged to his depot on Nov. 11. 

On Apmission.—Patient complained of pains in his head and giddiness, more 
especially when stooping. He had no objective symptoms. In the upper part of 
the left parietal bone was a gap about 1 inch anteroposteriorly and ? inch from above 
downwards, tender to touch, and over which pulsation could be felt. There was the 
scar of the original injury in the centre. 

OPERATION, June 21.—The usual operation was performed for filling in the gap 
in the skull with a tibial graft. The opening being small, the graft was easily obtained, 
and completely filled in the space, the graft lying on the bevelled prepared a. 

AFTER-PROGRESS.—This was uneventful. 


Case 11.—Pte. J. McA., age 20. Admitted into Hamerton Hospital on June 3, 
1916. 

Hisrory.—On Dec. 30, 1915, while holding a front line trench, patient was shot 
in the head by a rifle bullet at about three hundred and fifty yards. He was uncon- 
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scious for about two and a half hours, remained in the trench till dusk, and was then 
taken to the Ist Canadian General Hospital at Etaples. He was operated on the 
following day, and portions of bone were removed. He was sent to England on 
Jan. 9, 1916, and returned to his depot for light duty on March 9. He reported sick 
on June 3, owing to pains in the head and dizziness. 

On Apmission.—There was a scar of an operation wound over the lower part of 
the left frontal bone about one inch above the external orbital angle, with a depressed 
cicatrix in the centre. This was intensely tender to touch, and there was a gap in 
the bone to be felt about 1} inches long and ? inch wide. Pulsation was present all 
over it. 

OPERATION, June 21.—Owing to the opening in the bone being so low down, no 
tourniquet could be applied to the head. As a result of this, bleeding was profuse, 
and many bleeding points required to be caught with forceps and tied. The usual 
operation for transplantation of a bone graft from tibia into skull gap was performed, 
and presented no special 
points of interest. The 
graft entirely filled the 
gap in the skull, and lay 
on the, bevelled margin 
all round. . 

AFTER - PROGRESS.— 
This was uneventful, and 
on Sept. i the patient 
was quite comfortable 
and well. 


Case 12.—Pte. W. L., 
age 31. Admitted into 
Hamerton Hospital on 
June 26, 1916. 

History. — Patient 
was wounded on Sept. 18, 
1915, by a rifle bullet. 
Unconscious, he was 
taken to a clearing hos- 
pital, where his head was 
dressed. Thence he was 
removed to Boulogne, 
where he was trephined. 
In three weeks he was 

Fic. 266.—Case 12. Gap in right frontal bone, 3 x 1} in. sent to England, and re- 

Before operation. joined his depot seven 
‘weeks after his injury. 

On ApMission.—Patient complained of pain in the head over the right eye, giddi- 
ness, and depression. There was a large gap in the right frontal bone immediately 
above the supra-orbital ridge. It was tender to touch, and pulsation could be felt 
all over it. An a-ray photograph showed that a portion of the frontal bone about 
3 by 1} inches had been removed. The gap extended down to the orbital plate of 
the frontal bone. Several small pieces of metal could be seen. These were lying 
embedded in the skin (Fig. 266). 

OPERATION, June 27.—A tourniquet could not be applied. A _ semicircular 
incision with its convexity upwards was made round the opening, and the skin flap 
was reflected downwards to its base, which lay immediately over the supra-orbital 
ridge. The pericranium was separated from the bone round the margin of the open- 
ing. In freeing it from the lower portion of the bone, the frontal air sinuses were 
opened. They were packed at once with gauze wet in 1-40 carbolic lotion. The bone 
was bevelled round the upper and lateral margins of the opening, but at the lower 
edge it was refreshed by chipping along its margin with a chisel. There was a good 
deal of oozing, which was stopped by pressure with a hot gauze mop wet with saline 
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solution. A thin piece of bone 4} inches long was taken from the left tibia, with 
more periosteum than bone, and the width of the tibia. It was stitched into the gap 
by suturing the periosteum of the graft to the pericranium with interrupted catgut 
sutures. This covered the whole of the opening except a small portion at the lower 
part close to the opening in the frontal sinuses. The sinuses were filled with xero- 
form, and a small strip of 
gauze wrung out of 1—40 car- 
bolic lotion was passed into the 
opening, and brought through 
a wound made in the flap. 
The skin flap was sutured into 
position with silkworm - gut 
sutures, the lower and anterior 
part being left open for drain- 
age. The tibial wound was 
closed in the usual way, and 
dressings were applied. 

AFTER-PROGRESS.—July 3. 
The wound was dressed for the 
first time, and was found healed. 
The gauze plug was removed, 
and the cavity filled with xero- 
form. Fig. 267 shows the 
appearance on Aug. 2. On 
Aug. 7 there was still a small 
opening into the sinuses, but 
no discharge. Xeroform pow- 
der and dry gauze were applied. 
Aug. 30.—The wound was quite 
soundly healed, the graft being 
still tender to touch. On Sept. 8 
the patient was discharged to 
a convalescent hospital. 











Fia. 267.—Case 12. After operation (36 days). 


I am indebted to Colonel Adams, of the Northumberland War Hospital, 
for permission to publish Cases 8 and 9, and to Dr. Bunting, the radiologist, 
for providing me with the a-ray photographs of these cases. My thanks 
are also due to Major D. F. Todd, S.M.O., Sunderland, for sending the 
other cases to me at Hamerton Red Cross Hospital, and to Dr. J. B. Waters 
for the trouble he has taken in reproducing prints of them. 
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I.—HISTORICAL AND INTRODUCTORY. 


DIVERTICULITIS is a condition which has now passed out of the realm of 
doubt and uncertainty into that of proved and accepted fact. It has an 
important place in medical literature, and in the experience of every operating 
surgeon of large practice. This last statement is not as yet true of all 
clinicians, some of whom are still apparently unaware of the condition, and 
not a few of its frequency and clinical importance. Not until a morbid 
condition is described in all the ordinary student’s text-books of medicine and 
surgery can it be said to have attained complete recognition, and this is not 
as yet the case with diverticulitis. 

Diverticula of the intestinal tract have been noted by various observers 
for more than a century, but for the most part as isolated cases, often obscurely 
‘buried’ in the literature. Some of these have presented features of 
considerable clinical interest, but the condition was looked upon as a rare 
pathological ‘curiosity’ of no real clinical importance. This aspect of diver- 
ticulum-formation in the large bowel (particularly in the sigmoid flexure) was 
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first given prominence by Graser* in 1898, who showed that such cases are 
not very uncommon, and are of great importance. In particular he described 
the hyperplastic stenosing type known as peridiverticulitis, and its simulation 
of carcinoma of the sigmoid flexure. Shortly after this the subject was 
extensively studied in America, where Beer, Fischer, and others made con- 
tributions to the etiology, and the Mayos, Wilson, Brewer, Giffin, and others 
to the clinical aspects ; also Patel in France (especially in regard to sigmoiditis 
and the acute types of the condition), and Moynihan in England. The last 
observer published the first case (1907) in this country of peridiverticulitis 
causing a ‘mimicry of carcinoma,’ and moreover laid very special stress on 
the role of the diverticulum in causing non-malignant vesico-sigmoid fistula. 

In 1908, for the first time, the recorded cases were collected and analyzed, 
and the pathological changes and clinical results collated and classified. Prior 
to this, observers had for the most part dealt with special and isolated aspects 
and results of the condition. This classification has furnished the basis for 
most articles of importance written since that date. In the main it has been 
adhered to in the present contribution, which is but an amplification of the 
subject as then outlined.t A much larger number of cases—324 in all—have 
been studied, and an attempt has been made to present a conspectus of the 
whole subject. 

Though we have sought to lay special emphasis on the clinical aspects, 
the histology and bacteriology have been presented in what we believe to be 
a more accurate relationship to the naked-eye anatomy and symptomatology 
generally. In this way it seems to us that the clinical facts emerge, so to 
speak, naturally and logically from the pathological facts which precede their 
study. It may be added that the subject appears to have received far less 
attention from observers in this country than in America, France, Germany, 
and elsewhere, judging from the comparative paucity of recorded cases and 
references to it in the more important periodicals. 

One does not wish to overdraw the picture of a condition which is not 
of everyday occurrence, but diverticulum-formation in the intestinal tract, 
especially in the large bowel, and very particularly in the sigmoid flexure, 
besides having a complex symptomatology of its own, enters into the con- 
sideration of many other pathological processes and syndromes. We have no 
hesitation in saying that it can only usefully be studied as a separate and 
special condition, and not, as has been very generally done in the past, merged 
into and confused with a variety of other lesions and disguised under a variety 
of terms. These points we hope to establish conclusively in the succeeding 
pages. 

Definition.—Diverticula of the gut are divided into congenital (of which 
Meckel’s is the type), and acquired, the chief anatomical difference being that 


* The bibliography is arranged alphabetically at the end of this paper. The numbers 
in brackets throughout the articie refer to the list of selected case-abstracts given as an 
appendix. 

+ The present study has been undertaken at the request of Sir Berkeley Moynihan, 
whose clinical experience of the frequency of the condition has suggested the desirability 
of reviewing all the facts known at the present time. 
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the former are composed of all three coats of the bowel. while the latter have 
been described as hernial protrusions of mucosa and serosa only (von 
Rokitansky, Cruveilhier, Leichtenstern, and others). This is not strictly true, 
however, as very many examples of acquired diverticula have now been 
described into the structure of which all three coats of the intestine enter, 
and this is probably very frequent in the earliest stages of their formation. 
Diverticula are also classified as true or false, on the same basis of differentia- 
tion, and Edel has used the terms ‘congenital’ and ‘true’ as synonymous ; 
likewise ‘acquired’ and ‘false’. But whereas congenital diverticula are 
always true, acquired diverticula may be true or false, though more usually the 
latter in the stages in which they are mostly studied. The first description 
of false diverticula of the intestine is usually attributed to S6mmering, in his 
translation of Baillie’s Morbid Anatomy (1794), but reference to the original 
shows that polypi and not diverticula were described. Moreover, Voigtel 
quotes earlier references. . 
Distribution.—The consensus of modern opinion leans to the view that 
acquired diverticula of the whole intestinal tract, from cesophagus to anus, owe 
their origin to similar tendencies, and are but local variations of the same 
morbid process or processes. The results of the presence of diverticula vary 
greatly with their site of origin. In the small intestine, their occurrence is 
practically devoid of secondary changes or clinical symptoms (Gordinier and 
Sampson record an exception to this), and the reason is undoubtedly to be 
found in the fact that in this region of the bowel 
they rarely have permanent fecal contents. This 
tendency to be filled with and to retain feces is the 
leading characteristic of the diverticula of the lower 
bowel, and from this fact almost all their secondary 
pathological and clinical importance is derived. 
In this study we limit ourselves to the consider- 
ation of diverticula in the lower bowel. Here they 
occur in the appendix, cecum, all sections of the 
colon, with overwhelming frequency in the sigmoid 
flexure, in the rectum, and even at the anal margin. 
In the sigmoid it is the distal rather than the proxi- 
mal portion which is affected; often it is the last 
few inches. According to Patel, the more mobile 
part of the loop is the site of election. Diverticula 
weasuies iene sd 2" of the appendix have already a literature of their 
ticula. (After Lejars, 1904.) own; Lejars and Ménétrier, Edel, Mertens, Upcott 

and others have described and figured them very 
fully. In this structure the diverticulum-formation is essentially the same 
process as elsewhere, and tends, on the whole, to occur at an earlier age than 
in the rest of the colon. Perhaps some of these appendix diverticula owe 
their origin to preceding inflammatory changes in the wall of the gut: the 
sequence is difficult to establish, if it occurs. It would be in sharp contrast 
to the diverticula of the rest of the large bowel, where inflammatory change 
invariably follows the formation of the diverticulum. Inasmuch as the whole 
clinical importance of the appendical diverticula is merged into that of 
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appendicitis generally, almost without special feature, we do not propose to 
consider them at length. 

The site of election for these evaginations is the sigmoid flexure, 
especially in its distal portion down to the junction with the rectum, where 
they often stop abruptly, however numerous they may have been above it. 
Various reasons for this have been given; the absence of appendices epiploice, 
and a stronger musculature (Schreiber), are among the most convincing. At 
the same time some cases do occur 
in the rectum (30, 33, 36, 42, 44, 50, 
57, 79); and one case has been de- 
scribed in the anal margin. We shall 
describe the anatomy and _ arrange- 
ment of the diverticula as they occur 





Fie. 269.—Diverticula of sigmoid. Fic. 270.—Inner surface of the bowel 
The fat has been dissected from the outer of the specimen shown in Fig. 269. 5}, 
aspect of the bowel. The pouches are Concretion presenting at the orifice of one 
for the most part into the appendices of the diverticula; c, Lipped orifice of a 
epiploice. a, A sac which has been laid diverticulum. (Case 82.) 


open. (Case 82.) 


most typically in the sigmoid flexure, for—vermiform appendix apart—diver- 
ticulitis of the large bowel may almost be written diverticulitis of the sigmoid 
flecure. They do occur in the cecum, and may even be confined to this region ; 
with less frequency are they encountered in the ascending and transverse colon ; 
at the splenic flexure they are more frequently noted ; in the descending colon 
again less numerous (though more so than in the proximal reaches of the colon), 
until the sigmoid flexure is reached. Sometimes the whole colon is studded 
with them, as many as 400 having been described (Hansemann, 80), or noted 
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as “in hundreds” (17). Not infrequently diverticula occur in both small and 
large bowel in the same subject (34), in some cases even in the cesophagus 
as well, thereby emphasizing their essential etiology. 

In the small intestine they almost invariably occur at the mesenteric 
attachment ; this is in rather sharp contrast to the colonic diverticula, which 
are relatively seldom on the concavity of the gut. Some authors state that in 
the sigmoid flexure they are usually close to the mesentery ; but most observers, 
including ourselves, find them most frequently nearer the convexity of the gut. 
They are usually multiple, and tend to occur in two rows. Very frequently, 
indeed, they occur as hernial protrusions of the mucosa into the appendices 
epiploice, and may be confined to this situation. The probable explanation 
of this is that offered by Bland-Sutton, that the appendices are frequently 
filled with fat, and so are areas of lessened resistance (Fig. 271). 


Fic. 271.—To show the manner in which richness cf the,appendices epiploice in fat 
predisposes to diverticulum formation. 

A. Diagram of a transverse section of the colon from a thin individual, to show the 
relationship of an epiploic appendix to the subserous fat. 

B. Diagram of a transverse section of the colon from a very obese male, age 55, to show 
the disposition of the subserous fat and its relationship to the epiploic appendage. A diver- 
ticulum is in process of formation. 

Cc. Diagram showing a diverticulum pouching into the epiploic appendage, and con- 
taining a fecal concretion, in the interior of which is a foreign body (Case 67). (After 
Bland-Sutton. ) 


The diverticulum starts as a hernial outpushing of the mucosa, either 
through or accompanied by the muscular coat (one or both layers), and of 
course covered externally by the serosa. It very early acquires a flask shape, 
the neck being narrower than the distal ‘body,’ and there is frequently lipping 
of the oval or circular orifice when viewed from within the bowel. The 
orifices are often quite small, and are frequently largely or entirely concealed 
by the circular folds of the lumen (Fig. 284) ; indeed, a feature of diverticulum- 
bearing gut is an unusual tendency to rugosity. No great size is as a rule 
attained ; it varies from mere microscopic visibility to the size of a plum- 
stone ; a very usual size is that of a currant, or less (Fig. 269). They may 
cause trouble when only microscopic (4). 
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These small diverticula, which are potential for mischief out of all pro- 
portion to their size or number, are still further concealed by their frequent 
occurrence in fat-laden gut, particularly so when they enter the appendices 
epiploice. Fig. 272 shows this clearly, for here one-half of the gut is seen with 
its fatty covering (a single diverticulum only having been dissected out), and 
the other half has had 
all the fat removed, 
leaving the diverticula 
to reveal their true pro- 
portions. Fig. 269, in 
which the _ diverticula 
have been dissected out, 
is a typical example of 
the condition ; they are 
so numerous as to resem- 
ble bunches of currants. 

As has been empha- 
sized, they mostly. con- 
tain feces, of varying 
degrees of hardness and 
inspissation, often actual 
calculi. Sometimes these 
feecal masses can be seen 
through or slightly pro- 
jecting from the lipped 
openings: this is well 
seen in Fig. 270, and 
again in Fig. 273. 

Their naturally con- 
cealed positions help us 
to understand the infre- 
quency with which the 
condition has been noted 
in the past, and we shall 
see, when the secondary 


pathological processes to Fic. 272.—Diverticula of sigmoid, showing enteroliths. The 

: 1 . abundant fat has been dissected from one-half of the bowel, 
which they are liable sla showing the pouches which entered the appendices epiploice. 
described, that the di- a, A single pouch which has been dissected cut, showing well 
rerticul f tlv how they are buried in fat, and liable to pass unrecognized 
verticula are frequently unless specially sought for; 6, Longitudinal muscular band ; 


modified in such ways © A concretion. 

as to defy recognition by 

any but the most careful search, and that prompted by fore-knowledge. 
These facts make it difficult at present to express any final opinion as to the 
absolute frequency of these diverticula. Until quite recently many morbid 
anatomists of experience have been quite unaware of their occurrence ;_ this 
explains the great difference between the statistics furnished from various 
hospitals, and impairs their value. If looked for they will be found not 
infrequently by anyone making a considerable number of post-mortem 
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examinations. This agrees with our own experience. But in the majority of 

autopsies the sigmoid flexure is a neglected and little explored region, the 

rectum even more so. As bearing upon this point, Graser found diverticula on 

microscopic examination in 10 out of 28 subjects, and Sudsuki in 15 out of 40. 

More microscopic research on this point is required, for it is of course the most 

certain evidence of the tendency to diverticulum-formation. In 100 consecutive 

aged subjects, de Mourges found naked-eye diverticula 30 times. 

In 1908 one of us collected 105 cases (macroscopic, and mostly giving rise 

to symptoms), adding among them 22 to the literature. We base the present 

analysis on a series of 324 

collected cases (excluding 

those in the vermiform ap- 

pendix); but this gives no 

idea at all of absolute fre- 

quency. For instance, in our 

first series of 105 cases, 33 

were examples of diverticu- 

lum-formation. only, without 

secondary changes. Since 

then such specimens have 

for the most part not been 

considered worthy of putting 

on record (save perhaps in 

small provincial journals and 

in reports of medical socie- 

ties); most cases published 

since that date are examples 

of diverticula which have 

acquired special pathological 

ap we, (and therefore clinical) in- 

“<M | . terest. It is to the experi- 

ei ence of individual surgeons 

and morbid anatomists that 

oe ee BP coring Sivan ienar upect we must turn for some true 

well-marked lipping, and concretions protrude partially estimate of frequency ; for 

from some of the pouches. instance, in the Mayo Clinic 

27 cases were operated on 

between 1902 and 1912 (Giffin); and surgeons of large practice meet the 

condition with some regularity. They are mostly able to refer to their own 

series of cases ; and our own experience in the post-mortem room is some indica- 
tion of the number of cases that can be discovered if regular search is made. 


ETae 


II.— ETIOLOGY. 


What is the cause of the diverticulum-formation ? Much controversy 
has raged round this question, and we do not propose to do more than briefly 
summarize the arguments and conclusions. Two main views at present hold 
the field, and they are by no means mutually exclusive. ‘No observer is of 
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opinion that the diverticula are entirely of congenital origin, though some 
facts cited below lend support to the view that there may be i in some bodies a 
congenital predisposition to their formation. The view that is most widely 
held is that the diverticula are essentially pulsion diverticula—that is, are the 
result of increased pressure within the bowel; this may be due to the 
accumulation of faeces or the presence of gas. The site of election in the lower 
sigmoid is alone a great fact in support of this view, for here the faecal stagna- 
tion tends to be greatest. It is the chief ‘delay point’ in the intestines, the 
stools are becoming firmer and less moist, and the formation of gas is frequent 
and often considerable. It seems to us impossible to dissociate the frequent 
implication of the sigmoid flexure from the physiolozical réle of that structure. 
In support of the ‘increased pressure’ theory the frequency of constipation in 
the case-histories is adduced. We find it in 21 per cent. But it is absent not 
infrequently, and in some cases (3°5 
per cent) actual looseness of the 
bowels has been the rule. Moreover, 
constipation is exceedingly common 
and diverticula relatively very rare, 
therefore some other factor must be 
sought. Constipation is commoner 
in women than in men, yet 68 per 
cent of our cases are in males. In 
regard to the internal pressure as a 
causal factor, we think the import- 
ance of gas-formation has _ been 
overlooked. Many persons normally 
produce much gas in the lower 
bowel, and have perfectly regular 
defecation, as Sir Lauder Brunton 
long ago pointed out, in his ‘pop- 


; a jst es : : oie Fic. 274.—Diagram showing the relation- 
gun’ simile. One has the impression ship of the diverticula (a) to the tenia (c), and 
that the oas factor may be more the manner in which the lumen is occluded 
z 2 OS, , by semilunar folds (d). 6, Mesocolon ; e, Appendix 
important in the male sigmoid. epiploica. (After Keith, Brit. Med. Jour., 1910, 


It is easy to insist unduly upon — * 37%) 


the increased-pressure view; there 

must always be a definite pressure from within outwards in the bowel; it is 
obvious that the formation of acquired diverticula must be determined by 
the raiio between the resisting power of the intestinal walls and such internal 
pressure. Anything, e.g., constipation, tending to increase the pressure, will 
tend in the direction of diverticulum-formation. They have been noted in 
great abundance in the sigmoid when the bowel below has been for a long 
time compressed by a large pelvic fibroma (de Mourges). We have found 
them above a polypus (85). 

Much attention has therefore been devoted to studying the condition and 
tone of the bowel wall in these cases. Certain general causes of weakness 
have been alleged. De Mourges comments on the frequency with which the 
condition is found in association with various visceral ptoses resulting 
from a generally weak and relaxed abdominal musculature. Obesity is 
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another such cause cf weakness. It is noted as being present in 60 per cent 
of cases in which the point is mentioned. Undoubtedly more diverticula 
occur in fat-laden gut than in that possessing a poor fatty covering ; the fat 





Fic. 275.—Portion of descending colon from a 
male subject, age 72. The specimens laid open to 
show the internal orifices of diverticula, and the 
characteristic appearance of the mucosa. Some of 
the cavities contained solid feces. At each ex- 
tremity is shown the characteristic appearance of 
the exterior of the colon. (Case 60.) 


may weaken the musculature by 
causing gaps between the fibres, and 
Fig. 271 furnishes a fairly conclusive 
explanation of the great tendency of 
the diverticula to invade the appen- 
dices epiploice. But Hansemann 
has commented on the cachectic 
condition of many subjects, with 
emaciation, or absence of anything 
like a great amount of fat. Some 
subjects have undoubtedly been fat, 
and have lost it, perhaps acutely, 
from marasmic diseases. But in 
both obese. cachectic, and emaciated 
subjects the point in common is 
probably a weakened musculature ; 
this helps us to see the chief cause 
in the ratio between pressure from 
within and strength of the gut wall, 
rather than in a great increase in 
the one or a serious defect in the 
other. Both conditions must fre- 
quently occur without diverticulum- 
formation resulting. 

Keith, who regards the diver- 
ticula as true evaginations of the 
mucous membrane through the mus- 
cular coat, the result of high intra- 
colic pressure, has drawn attention 
to the (tonic) contraction of the 
tenia in the segment of the gut 
where the diverticula occur (Fig. 
274). As a result of this, he says, 
the colon is thrown into circular 
concertina-like folds, which so deeply 
invade the lumen as seriously to 
obstruct the forward movement of 
the feces. This condition is present 
in some specimens (85), but not by 
any means in all (we have observed 
it several times), but the observa- 
tion is of great interest. From this 
it might appear that the tonic mus- 


cular contraction is primary, and constipation the result of it. The point is 
worth further study. He finds also irregular contraction of the circular coat, 











and concludes that the diverticula are produced at weak spots (among which 
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are those where the vessels perforate) in the musculature, as the result of 
the irregular and sustained contraction above noted. 
It is not impossible that a congenital predisposition to diverticula may 


occur. The suggestion was long 
ago made (Hale White, Lafite- 
Dupont) that the condition is 
a representation of that found 
in some of the lower animais. 
The researches of Keibel on the 
so-called epithelial ‘pearls’ in 
human and other embryos are 
of interest in this direction. 
Hedinger thinks they stand in 
causal relation to some, if not 
all, diverticula; but much more 
investigation is required before 
any certain conclusions can be 
drawn. 

A great argument against 
the congenital view has always 
been the tact that most cases 
occur at an advanced age. Up 
to 1908 the youngest recorded 
age was twenty-two (Fiedler 
(59), Figs. 275 and 276), and 
many writers have even denied 
the possibility of a much earlier 
occurrence. Senility certainly 
favours the condition, and 
Hansemann showed that diver- 
ticula could be produced ex- 
perimentally in senile intestines, 
but not in those of young sub- 
jects under similar conditions. 
Fig. 277 gives the age-incidence 
diagrammatically. But if this 
incidence is corrected to show 
the proportion to the population 
surviving at the various ages, it 
shows a curve steadily rising 
with advancing age (Fig. 278). 
We think the frequency of the 
condition in advanced age is 











Fic. 276.—Portion of the sigmoid in a case of 
sigmoid diverticulitis in which multiple perforations 
had taken place. The orifices are circular, and show 
the relics of the attenuated mucosa around their mar- 
gins. Some of the diverticular orifices are seen to be 
plugged with fecal material. (Case 60.) 


such that it may be used with some confidence in differential diagnosis. The 
existence of the condition is open to great doubt under thirty-five, and under 
thirty no specimen should be labelled diverticular unless diverticula can be 


certainly demonstrated. 





Fig. 279 is from a patient six years old. 


It may 
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now be taken as certain that cases in early life, though extremely rare, do 
oecur.* But even here the bearing of the ratio above defined cannot be 


lost sight of. 
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30 40 50 60 70 80 90 Years. 
Fic. 277.—Diagram to illustrate the number of cases of diverticula which havejbeen met 

with at successive ages. The black areas represent male cases, the white areas indicate 

female cases. The chart shows the greater incidence of the disease between the ages of 45 

and 60. The greatest number of cases met with at 45, 50, and 60 is of interest. 


tY) 
30 35 40 45 50 55 60 65 70 75 80 85 90Age. 


Fic. 278.—Diagram constructed from the same figures as the preceding, making the 
necessary corrections to bring out a nearer approximation to the absolute frequency of the 
occurrence of diverticula in relation to the population living at each successive age. 





* We think it worth noting that a number of cases recorded in early life are uncon- 
vineing, in that their diverticular nature is not proved. Particularly so is this in Ashhurst’s 
and Ransohoff’s series, though the latter observer does not himself claim them as more than 
examples of sigmoiditis, for this reason. Incidentally, this observer says our 1908 series 
gave only 1 case under forty. This is incorrect ; it included 5 cases under forty. 
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The determination of the site of the diverticula in the circumference of 
the gut wall has been the subject of much research. The contrast between 
the site of election in the small intestine (at the mesenteric attachment) and 
in the large intestine (away from it, often into the appendices epiploice) has 
been stated. Many ‘distention’ experiments have been resorted to (Heschl, 
Good, Hansemann), but the results are not very clear or convincing. As 
Patel says, the results thus obtained are of very little value, because the dead 
intestine behaves differently from the living, and would be expected to react 
quite differently to an acutely distending pressure than to a pressure operating 
gradually over a long period of time. 





Fic. 279.—Drawing of a piece of colon obtained from a boy, age 6. In one of the haustra 
are seen two diverticula, one on either side of the anterior tenia. (Hartwell and Cecil’s 
case. ) 


Graser emphasized the tendency for the evagination to occur at the 
‘vessel-holes’ in the gut wall, i.e., the points at which the vessels perforate the 
gut. He also found a causal factor in chronic venous engorgement, stating 
that patients suffering from diseases causing this (especially a variable stasis, 
e.g., In cardiac conditions) were more liable to diverticula. But quite con- 
tradictory, and, to our view, convincing, statistics have been published 
(Sudsuki), and we do not think there is more in the point than that the ‘vessel- 
holes’ are loci minoris resistentie ; any such locus, from whatever cause arising 
(e.g., fat appendices epiploice), may determine the site of diverticulum- 
formation. : 


II¥.—SECONDARY PATHOLOGICAL PROCESSES. 


Once the anatomy of the diverticulum has been appreciated, together 
with the tendency to fecal retention, the secondary changes may almost be 
anticipated on theoretical grounds. When these pathological processes are in 
their turn appreciated and understood, the varying clinical types of case may 
be deduced and predicted from a consideration of such anatomical and patho- 
logical details. 

This sequence of events we have endeavoured to summarize in the schema 
Section IX (q. v.). This, which may be elucidated fully by the text, aims at 
giving a conspectus of the whole series of pathological accidents and the 
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clinical consequences which follow, in many cases, from the presence of these 
diverticula. The table conveys at a glance a better impression of the number, 
complexity and inter-relationships of these various secondary results than 
many pages of description would do. It further makes it easier to insist upon, 
not only the desirability, but the absolute necessity of classifying diverticulitis 
as a primary pathological entity, with varying clinical syndromes. Only in 
this way will progress be made in separating this condition from, say, other 
causes of sigmoiditis and pericolitis, ete. It is certain that the diverticulum 
is a primary condition; but lack of appreciation of this has led authors to 
regard the formation of diverticula as secondary to the (e.g., hyperplastic) 
inflammatory process. 

Once a diverticulum has formed, it tends to undergo progressive enlarge- 
ment. This is clearly inevitable as a result of even normal pressure within the 
bowel. It has been pointed out that as a rule no great size is attained, the 
chief reason probably being that one or more of the secondary processes about 
to be described supervenes and interferes with what would otherwise be the 
normal development of the diverticulum. Another reason is that in many 
instances the diverticula form so late in life that there is time neither for the 
attainment of considerable size nor the development of any serious degree of 
secondary inflammation. It is some confirmation of this that the average 
size attained by diverticula of the small intestine is greater than that of the 
large bowel. As the diverticulum enlarges the muscular coat tends to dis- 
appear, if it was present in the earliest stage of evagination. 

Owing to the usual shape of the diverticulum—a sac with a narrow neck 
—the fecal contents tend to be retained, and this retention occurs usually in 
that portion of the bowel where the fluid content tends to be lessened. Con- 
sequently they frequently become hard, often forming concretions of stony 
hardness. This process leads to certain mechanical results, the main one of 
which is perforation. The tip of a concretion, often projecting slightly into 
the lumen of the bowel (Figs. 270, 272), is of course frequently in contact with 
the main fecal mass. It is not surprising, therefore, that several cases of 
sudden (‘pistol-shot’) perforation have occurred, while straining at stool (20, 
55), or as a result of any sudden trauma (8, 24, 32). 

But the most frequent secondary change is an inflammatory process, of 
varying type and intensity. This is always due to the mechanical irritation 
of the fecal mass, combined with the presence of micro-organisms, the rich 
and variable flora of the intestine providing an abundant supply for the nidus 
formed by such fecal contents. The sacs are very imperfectly drained, not 
only from the usually narrow neck, but sometimes also owing to an inflam- 
matory or toxic oedema of the lipped orifice. In this way is determined either 
an acute or gangrenous inflammation of the diverticulum, or a latent or chronic 
one. Sometimes the inflammation is of the slightest, yet is enough, in a 
thinned diverticulum, to permit the passage of micro-organisms to the peri- 
toneum, setting up an acute or general peritonitis. 

In addition to an inflammation of the sac wall, there is very liable to 
occur a low-grade, chronic, hyperplastic inflammation around the diverticulum. 
This process may become very marked, and may surround a section of the gut 
with a constricting band of fibrous tissue, leading to tumour formation by its 
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hyperplasia and stenosis of the gut by its contraction. To this the term 
peridiverticulitis has been applied. It is due largely to the low inflammatory 
reaction induced by a leaking into the tissues of bacterial toxins through the 
damaged sac walls ; possibly, in addition, to the passage of a certain number 
of the organisms themselves, of a low virulence. Precisely comparable to this 
process is that which occurs in the hyperplastic tuberculosis of the ceecum. 
So close is the resemblance, that certain observers (e.g., Kidd) have described 
cases of chronic perisigmoiditis of this type in the sigmoid flexure (where this 
form of tuberculosis very rarely occurs) without anything like adequate 
evidence of the presence of tubercu- 
losis. In discussing the differential 
diagnosis of the condition at length, 
he fails even to mention the possibility 
of diverticula in this section of the 
bowel. We think it not too much to 
say that all cases of so-called hyper- 
plastic tuberculosis of the sigmoid 
flexure are probably examples of peri- 
diverticulitis unless the tuberculous 
nature of the lesion is reasonably 
proved. Put another way: an un- 
certain peridiverticulitis is much more 
probable than an uncertain hyper- 
plastic tuberculosis of the sigmoid 
flexure. 

Histology and _ Bacteriology.— 
The microscopic structure of the wall 
of the sigmoid diverticulum would 
eall for little comment, were it not 
for the association of inflammatory 
lesions of noteworthy type in the 
peridiverticular tissues. The structure 
of an uninflamed diverticulum is most 
conveniently observed in a diverticu- 
lated appendix, owing to the fact that 
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Fic. 280.—Low-power view of a transverse 
section of a diverticulum of the appendix. 


the whole lesion can be observed in a Iron hematoxylin and van Gieson preparation. 
: ° ° : . The specimen shows a pouching of the mucosa 
single microscopic section. Specially through the weakened outer coats. (By kind 
full investigations in material of this permission of Dr. M. J. Stewart.) 


kind are to be found recorded and 

illustrated in Lejars and Ménétrier. Fig. 280 shows the essential features in 
an actual specimen prepared with iron hematoxylin and van Gieson. The 
increased size of the appendix lumen is produced by a yielding of the mucosa, 
and is associated with a loss of muscular tissue. The lymphoid follicular 
tissue (which comes out a greyish black) is present in the evaginated portion, 
and does not appear to be the seat of undue formative activity such as might 
indicate bacterial infection cf the tissue. Figs. 281 and 282, which are taken 
from Hartwell and Cecil’s study, show the absence of muscular tissue at the 
fundus of diverticula very clearly. The sigmoid diverticula, as compared with 
VOL. 1V.—NO. 15. 31 
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the appendix specimens, have a much attenuated wall, or apex, and the 
lining mucosa is not only stretched out, but the glands or crypts tend to 
disappear. Nor is there any thickening of the serosa to be observed. These 
authors lay special stress upon the existence of a vein and artery of con- 
spicuous size in the wall of the diver- 
ticulum (Fig. 282). 

Whereas the controversy appears 
to have been focussed on the question 
of the ‘true’ or ‘false’ character of these 
diverticula, with the result that the 
microscope has been used solely for the 
decision of this matter, yet the more 
profitable purpose of histological study 
lies in ascertaining the relation between 
tissue structure and bacterial invasion. 
The extreme thinning of the wall sug- 

Fic. 281.—-Microscopic section through a —- gests that micro-organisms can readily 
a, 3 shew the muscular: ter- = =nees through and affect the peritoncal 
minating suddenly at the neck of the sac. 

The other coats are much attenuated. (After coat. On the other hand, many cases 
sasiaae aie sinsanaa are recorded in which the adjacent 

bowel wall is extremely thickened, the 
thickening overshadowing the atrophic diverticular cupola and concealing it 
from view. While this phenomenon may be passed off as a safeguard of 
nature, it is necessary to realize that the difference in structure in these two 
extreme types of case is due to a difference in the bacteriological process at work. 

We are at once 
reminded of the 
varying histological 
pictures which char- 
acterize appendici- 
tis, where careful 
study proves conclu- 
sively that certain 
types of histological 
change are related 
to the existence of 
certain bacteriologi- 
cal conditions : it is 
a case not merely of 
type of organism, 
but it is a question 
of the chemical 
composition of the Fic. 282.—Microscopic section of a diverticulum, to show the artery 
contents of the and vein in the wall of the sac. (After Hartwell and Cecil.) 
appendix at a given 
moment, as well as of the existence of aerobic or anaerobic media. In some 
sense the medium is always anaerobic, but, in a particular sense, anaerobiosis 
may be secured by mechanical obstruction to the outflow of the contents, 
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aided by a preponderance of venous blood in the walls of the tissue against 
which the organisms are constantly encamped. 

It will be evident that a histological study of diverticulitis should ignore 
none of the factors which play so potent a part in appendicitis itself, and that, 
as a fact, all the complications met with in the appendix are equally feasible, 
and are equally realized, in the diverticulum. The question is, therefore, not 
one of the presence or absence of muscularis in the wall, but of the physiological 
potency of the lining glands, the existence or not of lymphoid tissue, the ease 
with which protective cell-proliferation can take place in the walls, and the 
nature of the cell-complexes that arise in those cases in which the sigmoid 
walls are massively thickened. 

Schreiber’s descriptions of the structure of the diverticula may be referred 
to, inasmuch as the necessary data appear therein, serial sections having been 
carried out. From these it appears that the lining glandular epithelium is apt 
to be in a state of catarrh, thus accounting for blockage of the lumen by a 
mucoid plug in some cases. Lymphoid tissue is not described, and, as is well 
known, it is not conspicuous in this portion of the intestine. There is 
frequently undue dilatation of the vessels in the atrophic mucosa, especially 
of the veins—a condition which is favoured by the pressure of retained fecal 
matter, besides providing a link in the vicious circle of this lesion, in that the 
venous blood favours further atrophy of the tissue-elements, and provides 
favourable conditions of relative alkalinity for the development of micro- 
organisms. 

The question of permeability of the intestinal wall to the bacterial 
inhabitants has received careful attention at the hands of Helmberger and 
Martina, who show that immunity from bacterial invasion is ensured by, but 
is not dependent on, the presence of a perfect mucosal barrier. Extensive 
necroses may occur, and yet the deeper tissues resist microbic multiplication. 
The character of the lymph lying in the cell-clefts of the submucosa has there- 
fore some importance, and in some unexplained way the muscular fibres exert 
a protective influence. From the fact of a mention of persistence of muscular 
irritability being a condition for such resistance, the suggestion arises that 
the electrical potential of the juices round the muscular fibres has something 
to do with the resisting power of the tissues in question. The fact that 
the muscular fibres become rapidly attenuated in the diverticular wall 
indicates that we have here a loss of one of the natural barriers. The 
presence of bacteria amongst catarrhally necrotic epithelial cells of the crypts 
does not indicate a dangerous invasion; it is only when there are necrotic 
foci in the submucosa, and when the remaining coats are reduced to mere 
areolar tissue, that one may expect bacterial multiplication of importance. 
A change of reaction in the lymphatic clefts here plays its part. 

The important factor of the character of the contents of the intestine 
requires to be borne in mind, inasmuch as some observers note that abundance 
of cellulose-residues in the fecal material is associated with bacterial flora 
which differ in type from those met with where the fecal material is flowing 
by with suitable rapidity. Herein lies a means of therapeutically modifying 
the danger from bacterial perforation of the diverticula, since certain Gram- 
positive flora are associated with the most serious tissue-changes. 
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There remains the question of the histology of those cases in which the 
intestinal wall is greatly thickened. There can be no doubt that the intense 
hyperplasia which has been noted by many authors is the result of permeation 
of the tissues with toxins rather than with the organisms themselves. The 
limitation of the hyperplastic process to the deeper parts of the submucosa, 
and in some instances (45) to the subserosa itself, and the remarkable 
development of a dense felt-work of young fibroblasts, which appear to draw 
together even widely separated tissues (see Table I, showing the multiformity 
of adhesion-formation), strongly call to mind the parallel picture which is 
met with in linitis plastica. In each case we have a histological picture in 
which delicate connective-tissue fibrillae run through the bowel-wall in all 
directions, leaving minute spaces occupied by medium-sized cells, round or 
polygonal in shape, and having a regularly large oval nucleus with scanty 
nuclear markings (very amblychromatic and with a very clearly defined nuclear 
membrane). In other places we should meet with ovoid and feebly-staining 
young fibroblasts, whose nuclei are relatively large and finely granular and 
feebly-staining. Intermingled, therefore, would be lymphoid cells of the size 
of mesolymphocytes, and gradational forms towards the fibroblastic type 
would be expected. 

This picture is that of a slowly formative process akin to that seen in 
granulomatcus hyperplasia, and dependent on a noxa which stimulates 
abnormal proliferation of potentially hamopoietic cells to a slight extent, but 
irritates the purely stromatic cells to a very marked degree, thus inducing an 
entire loss of balance in the ultimate histological picture. We therefore con- 
sider these changes indicative of some chronic infective agent whose nature 
should be determinable, and detect in these considerations a reason for the 
close mimicry, to the naked eye, of the process regarded as scirrhus carcinoma 
in annular constrictions of the sigmoid. 

The granulomatous nature of the thickening is emphasized by the occur- 
rence in the tissue of multinucleated cells, whose appearance recalls that of 
the giant cell of tubercle. Whereas some authors lay stress on the appearance 
of such cells as evidence of the tuberculous nature cf a colonic thickening 
(Kidd), it would be easy to show that giant cells in the midst cf a granulo- 
matous mass, without the natural histological architecture characteristic of 
tubercle, are to be interpreted in an entirely different sense. This is well 
illustrated by the fact that such cells occur in linitis plastica, in which no 
suspicion of tubercle has been advanced by any author; and it is even more 
strikingly illustrated by the fact that, in lymphogranulomatosis, not only do 
we have giant cells, but we have even acid-fast organisms present, capable 
of producing similar lesions by inoculation—and yet the disease is not 
tuberculous.* 

The opportunity may be used for emphasizing the fact that a histological 
picture is not to be interpreted according to the nomenclature of a disease, 
but that the cellular composition of an inflammatory mass is merely the 





* The investigations of Wrea point to lymphogranulomatosis being related to myco- 
bacteria of the diphtheroid group. It must not be forgotten that bacterial symbioses may 
ead to incorrect deductions as to the precise nature of a given histological lesion. 
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a. Schematic representation 
of the whole section. 1, Posi- 
tion of the mucosa of the 
diverticulum ; 2, Surrounding 
laminated fibrous tissue of great 
density (very few nuclei pres- 
ent); 3, Peripheral tissue con- 
taining numerous transverse 
sections of arterioles; 4, Arteri- 
oles, surrounded by inflamma- 
tory cell-infiltration ; 5, Areolar 
tissue of the subserosa, which 
also shows some inflammatory 
cell-infiltration. The small ob- 
long marked area shows the 
portion represented under high 
magnification in b. 

b. Cellular details of a typical 
area in the infiltrated peri- 
sigmoid tissue. 6, Lumen of 
capillary ; 7, Walls of capil- 
lary, formed of a single layer 
of cuboidal cells; 8, Perivas- 
cular lymphatic clefts ; 9, Peri- 
thelial connective-tissue cell ; 
10, Mast cell (parental type) ; 
11, A clump of cells with dusky- 
staining cytoplasm, suggesting 
the appearance of a giant cell 
under the } lens; 12, Vacuo- 
lated lymphocytoid cell; 13, 
Dusky (plasmoid) connective- 
tissue cells ; 14, Lymphocytoid 
cells such as constitute a large 
part of the inflammatory cell- 
infiltration; 15, Two young 
capillaries ; 16, Fibrous strands 
among which nuclei are absent. 

The drawing shows a por- 
tion of the scene in which the 
phenomena of peridiverticulitis 
take place, and indicates some 
of the actors in the processes 
of which the bulk of this paper 
is the theme. 

(From a preparation in the 
Museum of the Medical School, 
Leeds. Oil-immersion lens, 
ocular 4.) 
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reflection of the existence of certain chemical substances gathered together, or 
in process of formation, within the confines of the affected area. If there are 
insoluble substances of a certain type present, the adventitial connective-tissue 
cells will certainly gather together round them, and may, in consequence, pro- 
vide a giant-celled lesion. On the other hand, this type of substance may not 
be present, or it may be adequately dealt with by smaller wandering cells, or 
by the catalytic oxidative processes of which eosinophile cells are an occasional 
result. There can be no doubt that the complexity of the picture, be it in 
the submucosa or in the subserosa, is largely dependent on the type of 
organism present—which is another way of saying that it is dependent on 
the chemical groups to which the bacterial excreta belong. Those cases in 
which the mucosa itself is intact, and yet organisms have penetrated into 
the recesses of the tissue, possibly via the gland-crypts, are such as are enabled 
to manifest a local development of organisms in the submucosa, at a slow 
rate, and with the production of conditions which bring about a marked 
hyperplastic process in the tissue-elements of the region. 

The question of the superaddition of carcinoma now arises. In the con- 
sideration of this question it is advisable to bring out clearly the possibility of 
two entirely distinct types of new growth. The recorded cases are concerned 
with adenocarcinoma; but the symptoms and naked-eye appearances of 
stenosed sigmoids belong rather to scirrhus carcinoma, of whose presence 
there is no record. in one of Kidd’s cases there was a polypoidal formation 
at the point of the constriction of the sigmoid, which had led to a diagnosis of 
carcinoma by a cursory observer, and the absence of carcinoma was only 
established by the special care which the author (Kidd) expended upon the 
case. This would be quite in conformity with our own experience. It is not 
until all questionable tissues are microscoped as a routine procedure, that one 
realizes that all strictures of the colon are not malignant. Even a pelypoidal 
condition of the gut may be only the expression of incieased irritability at the 
edge of a diseased area, causing the glandular elements to overgrow in much 
the same way as the epidermal papilla may hypertrophy into cancer-simulants 
at the edge of a chronic ulcer. However, the development of an adenocar- 
cinoma at one extremity of a diverticulated gut may be met with, and would 
be favoured by the existence of the same noxious agent as at other times incites 
a hyperplastic process in the bowel wall. 

There remains the question of the development of a scirrhoid constriction 
of the bowel. Where this occurs, the stricture is usually annular, and is very 
often remarkably limited in extent, producing a constriction exactly as if a 
piece of stout string had been tied round the bowel. The diagnosis of such a 
form of carcinoma from the blood-cells proves to be impossible ; the changes 
described as occurring in the nuclei of the leucocytes, as well as in the cell- 
bodies, and the occurrence of parasitiform structures in the large mononuclears, 
fail completely. This is not the case with adenocarcinomata, in which the 
blood changes provide a sure means of diagnosis.* Nor is the histological 
structure any more typical. The amount of fibrous tissue is extreme, and in 
many respects such a tissue bears a singular resemblance to what might be 





* BRITISH JOURNAL OF SURGERY, 1916, Jan., p. 596. 
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called an end-stage of the hyperplastic process already discussed. The 
conclusion is that there must be a very close relation between perisigmoiditis 
and scirrhoid stenosis of the sigmoid, and we should feel a strong incentive to 
investigate these cases histologically with very great care. The absence of 
blood-changes itself suggests that this form of carcinoma is of different genesis, 
and the histological structure, when interpreted (as advocated elsewhere*) in 
terms of the fundamental (chemical, structurally specific) agencies at work in 
the tissue, may be expected to furnish information of more than academic 
interest. 


CLASSIFICATION. 


We can usefully divide these secondary pathological processes into two 
groups: (a) Mechanical (mainly); and (b) Inflammatory (mainly). Both 
processes may go on in the same case, just as there may be present together 
varying types of inflammatory reaction. 


A, MECHANICAL, 
1. Formation of fawcal concretions in the diverticula. 
2. Torsion of the diverticulum. 
3. Lodgement of foreign bodies within the diverticular sacs. 


B. INFLAMMATORY. 
1. Diverticulitis: (i) Gangrenous; (ii) Acute; (iii) Subacute; (iv) 
Chronic; (v) Latent. 

2. Passage of organisms without perforation. 

3. Peridiverticulitis—chronic proliferative inflammation with tendency 

to stenosis of the bowel. 

4. Perforation of the diverticula, giving rise in particular to: (i) 
General peritonitis ; ii) Local abscess ; (iii) Fistula, especially 
into the bladder; (iv) Suppuration in a hernial sac. 

The formation of adhesions, especially to: (i) The small intestine ; 
(ii) The bladder; (iii) The female genitalia. 

Chronic peritonitis, local. 

Chronic mesenteritis of the sigmoid loop. 

Metastatic suppuration. 

The development of carcinoma. 

These various processes may now be considered somewhat more in detail. 


- 


ol od tall 


A,—MECHANICAL. 


1. Formation of Fecal Concretions.—The tendency to this is the rule: 
the explanations have been given. There is no doubt that the presence of a 
more or less rough-surfaced concretion in a thin-walled sac is liable to set up 
a mechanical irritation, easily passing into inflammation as a result of ever- 
present organisms. This irritation is undoubtedly increased, and its results 
enhanced, by the mobility of the sigmoid loop and the movements of other 
coils of intestines about it. Such concretions constitute points d’appui for the 
action of force from within, readily leading to perforation. 





* Biology of the Blood-Cells, chap. vii. (1913, Wright & Sons, Bristol.) 











488 THE BRITISH JOURNAL OF SURGERY 


2. Torsion of Diverticulum.— This again is the result of mobility 
acting on a more or less pedunculated sac. The phenomenon occurs usually 
in the case of a diverticulum into an epiploon, particularly when this latter 
structure is large and gravid with fat, as is so often the case. This torsion 
may lead to an inflammation, often acute, of the diverticulum (a true epiploic 
appendicitis), or it may lead to gradual obliteration of the lumen at the neck 
of the sac. In this way the neck of the sac or epiploic appendage may become 

elongated as a result of continual movement 
and traction, and may be finally separated 
from the gut wall and form a loose body in 
the peritoneum. Fig. 284 is a striking ex- 
ample of this process, and shows a diver- 
ticulum containing a stony-hard concretion ; 
the neck of the sac is no longer permeable, 
and is lengthening. In this case a loose 
body, similar to the one in the process of 
becoming separated, was actually found 
lying in the pelvis. 

3. Lodgement of Foreign Bodies.— 
Bland-Sutton has laid special stress on this 
complication, and Fig. 271 is reproduced 
from his drawing. He has observed and 
recorded a number of cases of foreign bodies 
(straw, metal, etc.) being found in the sac, 


and being the source of mischief; causing 
either an acute diverticulitis or a perforative 
peritonitis (66, 67). Possibly sharp foreign 
bodies may enter a fat appendix without 
the aid of a pre-existing diverticulum ; but 
the latter is usually the predisposing cause 
of the lodgement. 


Fic. 284.—Diverticula of sigmoid. : . 
The fat has been partly dissected from B.— INFLAMMATORY. 
the outer surface of the gut, showing 


several pouches. a, Large pouch con- 1. Inflammation of the Wall of the 
Aaa eas ortcle Sn tho mocen of  Diverticulum: Diverticulitis.—This may 
separation to form a loose peritoneal occur in every degree of acuteness, but in 
body. A similar concretion the size z ; 
of a bean was free in the pelvis. | the acute and gangrenous forms it leads to 
(Case 64.) one of the most characteristic clinical syn- 
dromes. All the familiar phenomena of 
acute appendicitis on the right side of the abdomen are reproduced in the left 
lower quadrant as a result of this diverticular inflammation. It would be 
expected that such an inflammation might cither subside completely, cause 
an acute general peritonitis or a localized abscess, or merely leave adhesions. 
All these results are in fact common; the first, of course, is established 
mainly inferentially. 
Chronic inflammation, apart from merely causing local chronic peritonitis 


or leading to adhesions, frequently occurs in association with the hyperplastic 
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peridiverticulitis, and is a predisposing cause to rupture, especially of the sudden 
and unexpected type, resulting from any form of trauma. 

Latent ulceration of the diverticula is not very infrequent ; it is so cailed 
because the inflammation is of so low a type as not to give rise to any sym- 
ptoms. Examples are usually found unexpectedly in autopsies on old and 
debilitated subjects. 

2. Passage of Organism without Perforation——A few cases of acute 
peritonitis have been recorded (Loomis, Rixford, Cameron and Rippmann) in 
which the source was undoubtedly an inflamed diverticulum through the 
damaged walls of which organisms had passed into the general peritoneal 
cavity. This happening has been proved in connection with the vermiform 
appendix, and might therefore be expected to occur occasionally in diverticu- 
litis. All recent investigators have come to the conclusion that organisms do 
not so pass unless the intestinal wall be damaged or inflamed. In the case of 
a diverticulum, not only is there usually a damaged and inflamed wall, con- 
stantly irritated by fecal friction and pressure, but the wall itself is greatly 
thinned. The point is a practical one, for, like that of the existence of diverti- 
cula in general, it must be borne in mind by the operating surgeon when faced 
by a general peritonitis of unknown origin. 

3. Peridiverticulitis.—This is a chronic proliferative inflammation, tending 
to thickening and subsequently to stenosis of the bowel. It is one of the 
most characteristic results of 7 
chronic inflammation of a 
number of diverticula more 
or less closely aggregated. 
Its method of production 
has already been described 
(see under Histology, p. 481). 
The result is that there is 
formed an annular band of 
greater or less length, which 
leads in the first place to 
thickening and_ palpable 
tumour formation, and later, 
by inevitable contraction of 
the newly - formed fibrous 
tissue, to actual stenosis of 





Fig. 285.—Peridiverticulitis, with great thicken- 
ing of the gut wall, causing stenosis and simulating 
the bowel—which mav_ be carcinoma, for which it was mistaken when resected at 

ans operation. a, Thickening due to fibrosis. (Case 72.) 


almost cartilaginous in_ its 
density (45, 47). McGrath 
in 1907 emphasized the fact that this chronic peridiverticulitis is the most 
frequent and important initial change following infection through the diverti- 
culum, and that it may be present with little or no discernible inflammation 
in the mucosa (73) ; in 19 cases quoted by him such inflammation varied from 
a mild to a moderate degree, and in 2 cases the mucosa appeared intact. Figs. 
285, 286, and 287 are good examples of this chronic hyperplasia. But side by 
side with this inflammatory change around and outside the diverticular sac 
there is usually some degree of chronic ulceration of its walls, and this may, 
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and often does lead to perforation and the formation of one or many abscesses. 
Being formed under such chronic ccaditions, these abscesses do not so often 
give rise to sudden rupture into the general peritoneal cavity, being mostly 
shut off by adhesions, but they form pockets of pus which still further add to 
the density of the inflammatory mass, by increasing the hyperplasia and 
adhesions. These abscesses may of course tunnel and rupture in various 
directions ; sometimes the intestinal wall is riddled with submucous fistulz 
(8, 57, 58). 
It is not difficult to premise that the discovery of such a matted, hopeless- 
looking mass, following upon symptoms of chronic or subacute intestinal 
obstruction, has again and 
again led to the incorrect 
diagnosis of malignant 
disease (68, 70). It is 
safe to assume that prior 
to the knowledge of the 
occurrence and potential- 
ities of the diverticula, 
almost every one of such 
tumours was regarded as 
malignant. In conse- 
quence, surprising ‘cures’ 
were noted from time to 
time, and to-day many 
specimens repose on 
museum shelves wrongly 
labelled. 

One important result 
of this peridiverticulitis is 
the way in which it modi- 
fies the anatomy of the 
diverticulum itself. The 

wnt Fn ati Siren earner, with thickening hyperplastic thickening 
was adhesion to the small intestine, causing chronic may be extreme, as much 
eer ee 3 two dnches having been 
between the bowel and the bladder. a, Lipped orifice of recorded, and a half to one 
a diverticulum ; 6, Thickening of the gut. (Case 70.) inch is not uncommon. 
As a result, the neck of 
the diverticulum is greatly elongated and narrowed, and its direction made 
more or less oblique. The sac itself is usually found near the outer layer of 
the inflammatory mass, and Figs. 285 and 287 are typical examples of this. 
It is this feature in particular which has so long delayed the recognition of 
the diverticular origin of these cases. The small orifices in the intestinal 
mucosa are concealed beneath the folds of the rugose mucous membrane, 
and unless careful sections are made through the fibrous mass no evidence 
of the diverticular nature will be forthcoming. They should be examined 
very carefully in the way described by Wilson (see under Carcinoma, 
p. 494). 
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We have found thickening in 24 per cent of our series of 324 cases, and 
actual stenosis of the lumen is noted, or is to be inferred from the symptoms, 
in 14 per cent. We shall return to the point later in considering the clinical 
features. 

4. Perforation of the Diverticulum (28-4 per cent), giving rise to 
general peritonitis, local abscess, fistula or suppuration in a hernial sac.— 
From what has been said it follows that perforation of the diverticulum must 
be a relatively common occurrence. The first case was noted by Jaboulay 
in 1898. 

The results of perforation differ according as the diverticulum so per- 
forated is shut off from the general peritoneal cavity, or not. If not, a general 
peritonitis is extremely probable, unless, as happens in the case of the appendix, 

‘the peritonitis is localized by newly- 

formed adhesions. The perforation 
may be absolutely sudden and due 
to mechanical causes, of which we 
later quote examples. Many cases 
of diverticula first reveal their pres- 
ence by the supervention of an 
acute general peritonitis. 

But owing to the frequently 
chronic nature of the preceding 
diverticulitis or  peridiverticulitis, 
the sac which is about to perforate 
is frequently shut off by adhesions, 
and only a local abscess, often small 
and latent, is formed. This may 
persist, adding to the connective.  .,,"it,287—_Grent peridvertionar thickening 
tissue proliferation and ccnsequent tortuous diverticulum is well seen- (Case 59.) 
tumour formation, and giving signs ‘(After W. J. Mayo.) 
such as fever and leucocytosis. It 
may be cured spontaneously by discharge through the bowel, externally, or 
into the bladder. 

One very important difference between the carcinoma-simulating mass of 
peridiverticulitis and true carcinoma-formation is the absence in the former of 
ulceration or involvement of the mucous membrane. Seldom is any excep- 
tion to this noted, and when present, it may occur as the result of re-entry of 
fistulae and abscesses into the bowel; but it practically never leads to such 
an appearance of the mucosa as would deceive an experienced morbid anatomist. 
This makes it the more remarkable that so many specimens have been wrongly 
labelled and put into museums in the past. Many recent observers (Moynihan, 
Keith and others) have commented on this. 

Often a number of small abscesses may exist, and the possibility of such 
‘pocketing’ has to be taken seriously inte account in an operation that might 
otherwise be performed aseptically. 

Fistula Formation (19-8 per cent).—This is a not uncommon result of 
perforation of a diverticulum which has previcusly become adherent to an 
adjacent structure. Apart from the submucous fistule which sometimes 




















492 THE BRITISH JOURNAL OF SURGERY 


occur in the intestinal wall, there have been noted: (a) Sigmoidovesical fistula ; 
(b) Rectovesical fistula; (c) Sigmoido-uterine fistula (16); (d) Anal fistula ; 
(e) External fistula. 

Of these by far the more important clinically are the bladder fistule, and 
these will be fully described later. 

Anal fistula has only been recorded once, by C. Mayo, as the result of a 
rectal diverticulum, which had opened on the skin near the anus. He says 
such cases would fail to become cured after repeated operation because the 
high internal opening of the fistula preserves the mucous lining of a portion 
of its wall. 

A fistula between the sigmoid and the Fallopian tube has been noted by 
le Jemtel (16), and is an example of the extent to which the pelvic viscera 
can be implicated secondarily to diverticulitis. 

Perforation into a hernial sac is an interesting though rare happening (61) ; 
cases have been recorded by Klebs and Stierlin. 

5. The Formation of Adhesions.—<At first sight it may seem a little 
unnecessary to make a special enumeration of this tendency, which, it is obvious 
enough, will be frequently encountered. But the matter is worthy of a little 
careful study, for some of the results of the adhesion tendency are striking 
and important. In a series of 280 cases of diverticula the following adhesions 
were noted :— 


Table I,—DISTRIBUTION OF ADHESIONS RESULTING FROM DIVERTICULA (280 CASES). 


To Alimentary Tract é Douglas’s pouch 
General 

Uterus : 
Left adnexa.. 
Right adnexa 
Broad ligament 


Small intestine 
Appendix 
Czceum 
Pelvic colon 
Omentule : ; 
Mesentery °° °° +. —* Left Iliac Fossa 
Omentum - Ss ; : 
Pericolic ev, rs) ie To Inguinal Region 
Rectum : - as ei 5 To Parietes 
Peridiverticular es ; 
Anterior 
To Bladder x te eee Posterior 
. Not stated 
In Pelvis 
_— ° Ba 
Posterior pelvic wall s Forming Bands 
» 1 + 5 " 
I elvic brim (left) ae we General .. 
Pelvie brim (right) he 
Sacrum a ie 5 Site not specified 


Adhesion to the small intestine has caused acute intestinal obstruction ; 
in one case a long band, extending from the tip of a diverticulum-containing 
epiploic appendage to the cecum, was the cause of the strangling of a loop of 
bowel eight feet in length (84). 

Adhesions to the bladder, apart from the important complication of fistula, 
are frequent, and may give rise to symptoms referable to that viscus. 

Adhesions to the pelvic viscera are being increasingly noted, and _ their 
importance is such that we have now included a ‘pelvic syndrome’ as one of 
the clinical presentations of diverticulum formation. There is no doubt of 
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the pathological relationship of the sigmoid flexure to the pelvic viscera, and 
future research in this branch of the subject, which is comparatively new to the 
literature, will help to determine with what frequency the diverticula play a 
part in pelvic lesions. 

6. Local Chronic Peritonitis.—This, a pericolitis (sinistra), may be 
an important and the principal result of the presence of diverticula. It may 
be due to the leaking of toxins through the damaged sac-walls, and will tend 
naturally to the formation of adhesions, one result of which may be the tether- 
ing of the sigmoid loop in abnormal places, e.g., on the right side, where this 
abnormal localization may give rise to trouble in diagnosis. 

Chronic peritonitis of the sigmoid region is exceedingly common; Byron 
Robinson found it in 80 per cent of males 
and in 85 per cent of females in 800 
consecutive adult autopsies. Of course, 
only a small proportion of these cases 
are due to demonstrable diverticula, but 
a point that has so far been insufficiently 
investigated is whether small diverticula, 
such as would ordinarily escape recogni- 
tion, may not be responsible. Many 
observers explain the frequency of adhe- 
sions here to irritation from contained 
feeces, especially in constipated persons. 
There is no doubt that the subject is one 





Fic. 288.—Diagram of the brim of the 


which merits further study. Pennington pelvis, to show an adhesion between. the 
has particularly drawn attention to these sigmoid and the pelvic floor, dragging the 

: Bae . a ‘ é intestine down and allowing the produc- 
peritonitic formations, and his article is tion of a kink. A portion of the cecum 
well illustrated. The clinical importance "4 8ppendix is shown on the left. The 
: ; anterior portion of the diagram (unshaded) 
lies in the fact that thereby the free indicates the position of the bladder. 


movement of the sigmoid may be inter- ane SE 


fered with and sometimes kinkings and 
angulation may result, causing volvulus or other forms of obstruction, more 
or less complete. 

7. Chronic Mesenteritis of the Sigmoid Loop.—The occurrence of 
this condition has been noted for a considerable time ; Ries, in particular, has 
written about it, emphasizing its effects on the sigmoid loop. Other observers 
(Brehm, Riedel, Cignozzi) support his statements as to the various forms of 
twist, kink or volvulus resulting from the contraction of the mesentery, with the 
consequent distortion of the loop. This leads to partial, complete or recurrent 
forms of intestinal obstruction, and acute or chronic symptoms of various kinds. 

The authors quoted above have all emphasized the importance of diverti- 
culitis in setting up this mesenteritis, and Ries in 1896 wrote: “It is safe to 
prophesy that this association of diverticular ulceration and mesosigmoiditis 
will be frequently discovered in the near future.”’ This has been verified by 
experience to a certain extent. A number of the diverticular cases have been 
complicated by various types of mesenteritis, and in some (27) the mesenteric 
lesion has been the more important one. But what has not been observed 
with any frequeney is the type of case in which the mesenteritis, producing 
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the mechanical results described, has been proved to be of diverticular origin. 
This, again, opens up an avenue of research, as it is clear that many specimens 
of mesenteric kinking have not been examined specially as to the presence of 
diverticula. The observed cases of diverticular mesenteritis lead us to expect 
this origin more frequently than it has already been noted. Cignozzi has 
divided mesosigmoiditis into two varieties: (1) Inflammation localized to 
the attachment line of the mesosigmoid, causing sclerosis and retraction of 
the colon in an angular position; (2) A circumscribed adhesive fibrosis of 
considerable extent, giving a special character to the lesion as (a) retracted 
mesosigmoiditis, or (b) fibrous adhesive perisigmoiditis. It is the last two 
varieties which are most usually encountered as the result of diverticulitis 
between and near to the sigmoid mesentery. 

8. Metastatic Suppuration.—So far only one example of this has been 
recorded, by Whyte: multiple abscesses in the liver resulted from a _ portal 
pyxmia originating in the septic diverticula (62). 

9. The Development of Carcinoma.—The association of carcinoma 
with diverticula is a highly interesting and impcrtant one. To Hochenegg be- 
longs the credit of recording the first case (63) ; in 1908 only three cases were 
recorded, Stierlin furnishing one (58), and ourselves a third. To-day we collect 
11 cases, and much of interest has been noted in connection with them. It is 
suggested that the irritation and inflammation of the diverticula furnishes a 
special predisposition to the development of carcinoma, which would not have 
developed but for the presence of the diverticula. Wilson has devoted special 
attention to this, and Delore and Lambert have noted the association of 
cancer and sigmoiditis. 

It has been demonstrated that carcinoma develops from the isolated 
epithelial areas in the bases of gastric ulcers; the same causation is highly 
probable in the case of primary carcinoma of the tip of the appendix. Undoubt- 
edly segregation of epithelium occurs with frequency in inflamed diverticula. 
When the blood-supply of such islets is interfered with, the epithelium dies ; 
but if it has an adequate blood-supply, proliferation is the rule, and an adeno- 
carcinoma might result. Scirrhus carcinoma of the sigmoid, colon and 
rectum is frequently ring-like in character, and we suggest that this may in 
some cases be connected with a diverticular origin. This aspect of the subject 
has already been fully discussed (p. 486). We can only record the fact that 
the association of diverticula with carcinoma has been noted 11 times at 
least, and within a comparatively short period during which attention has 
been specially directed to it. 

It must be pointed out that the detection of diverticula in a specimen of 
cancer is a very delicate business, and can only be satisfactorily carried out in 
the recent specimen. Wilson advises the use of a glass probe with a bulbous 
extremity of not more than one millimetre in diameter. The fresh surface of 
the carcinoma should be systematically and very gently searched with this. 
When the probe slips in to any depth, a diverticulum is probable, and if present 
may be demonstrated by slicing the mass in thin layers parallel with the lumen 
of the bowel, proceeding from without inwards. How often is this done ? 
We agree with Wilson and others that it is certain that many cases have been 
overlooked ; what proportion, a much more systematic series of researches 
must be left to determine. 
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IV.—CLINICAL ASPECTS. 


Enough has been written up to this point to emphasize the fact that a 
knowledge of diverticulum formation must be indispensable to a clinician; 
and the variety and complexity of the secondary pathological processes make 
it certain that the symptoms and clinical phenomena generally will be protean 
and confusing. At the same time the majority of cases conform more or less 
exactly to one or other of the clinical types which we now propose to describe. 

In the schema we have drawn up, these clinical types are set out in the 
right-hand column. The way in which the various pathological conditions 
lead up to and determine them is indicated thus diagrammatically, and it 
seems to us that the more such a table of processes and their results is studied, 
the more will the clinical perspective be sharpened and cleared in regard to 
this condition. 

Speaking generally, diverticulum-formation was discovered, rediscovered, 
and noted from time to time, by morbid anatomists ; isolated examples of 
secondary processes were similarly noted. But the full significance of the 
diverticula was not realized and measured, and certainly the subject was not 
grasped as a complex but complete whole. It was not until clinicians, in this 
instance almost exclusively operating surgeons, found themselves confronted 
with lesions of an unusual type and abdominal happenings of a kind difficult 
to explain, that specimens were investigated with special care and the results 
recorded. Such records it is our task to-day, as in 1908, to collate and link 
up, and we feel that no excuse is needed for an attempt to present the clinical 
facts as completely as possible, and to harmonize them with the morbid anatomy 
which has already been described. In the preceding pages we have indicated 
the lacune still existing in our knowledge, and the consequent need for further 
research. Some of this can only be supplied by morbid anatomists, with 
their special opportunities, and we would once more enter a plea for an 
absolutely systematic examination of the whole intestinal tract in every 
autopsy. Physicians will be able to do much to solve the difficulties presented 
by cases of localized inflammatory processes in the colon (so-called sigmoiditis), 
presently to be discussed in some detail. But it is to operating surgeons that 
we must continue to look for most of the new material and fresh facts. In 
particular, the meticulous examination of all resected specimens is urgently 
called for, to discover the mere presence of diverticula, and to establish their 
causal relationships (if any) to the development of carcinoma. 

The following types of case comprise the majority of diverticular lesions : 
(1) Inflammatory trouble in (a) The left lower quadrant, (b) The right 
lower quadrant ; (2) General peritonitis ; (8) Vesicocolic fistula; (4) Pelvic 
syndromes ; (5) Intestinal obstruction ; (6) Mimicry of carcinoma. 

The frequency of tumour or abscess formation in association with any or 
all of these will be described, and one may say in advance that any case from 
the age of 30 onwards, presenting these symptoms, calls for a mental reservation 
as to the possibility of a diverticular origin, and in some instances the diagnosis 
can be and has been made with certainty and accuracy. 

We have based our conclusions on the records of cases in which clinical 
symptoms resulted from or were found in association with the diverticula; or 
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in which the presence of diverticula, though not categorically stated (in many 
cases the possibility obviously not being known to the observer), is practically 
certain. In making this selection we have rejected a very much larger number 
of cases, the vast majority of which are undoubtedly diverticular in nature, 
but which, from the single-case point of view, are not so certain as those from 
which we quote. The impression we derive ourselves from an exhaustive 
study of recorded cases of diverticulitis, sigmoiditis, pericolitis, and other 
variously-named lesions, is that we should not overstate facts nor vitiate 
conclusions did we multiply our series several times over. This impression 
appears to be shared by all observers who have devoted any close attention 
to the subject. 


Table I1.—ANALYSIS OF LEADING CLINICAL FEATURES. 


Per cent Per cent 

Acute intestinal obstruction 6-7) 45.90 ‘Arteriosclerosis noted “ -. Ba 
Chronic intestinal obstruction 8&5) ~° Local peritonitis we -. 530 
Obese .. 66-10 | Chronic mesenteritis ee -- 5380 
a eee Thin 18-70 | Stenosis of bowel 14-00 
. | Losing weight . 21-20 | Thickening of bowel without stenosis 24-00 
( Uaapeciiied .. 66-00 | Adhesions 37-90 

Constipation -. 21-00 | Acute diverticulitis (non- ‘perforating) 5-14 

State of bowels - No constipation 2-50 | Perforating cases : -. 28-40 
Diarrhoea .. 850 | Gangrene ‘of diverticulum — -- 625 

Left-sided tumour is .. 80-00 Suppurative peritonitis .. -- 18-00 
Left-sided pain - ‘6 .. 13-40 | Abscess ° se -. 28-80 
Right-sided cases .. i .. 6-25 | Fistula formation va -.- 19-80 





GENERAL DraGnostic Pornts.—Age.—This is a most important point, 
as Fig. 277 proves. Below the age of 35 the diagnosis is open to considerable 
doubt. As Fig. 278 proves, most of the ‘clinical’ cases occur between the ages 
of 40 and 65. 

Sex.—There is a preponderance of males over females (Fig. 277). This 
is an interesting fact, as constipation is undoubtedly much commoner in 
women, and in them one would suppose the musculature of the bowel also 
tended earlier to be worked out. On the other hand, we are inclined to think 
that gas formation may be greater in the male sigmoid, and this could 
equally cause pulsion diverticula. 

Nutrition.—Most patients are in good or obese nutrition, though this 
point is not noted in the great majority of cases (for figures see Table IT). 

Constipation.—The importance of this in etiology has already been dealt 
with. The question of how far its presence or absence aids the diagnosis is 
what now concerns us (see Table IJ.) Murray comments upon the value of 
a history of ‘rabbit’s-dropping’ stools over a long period, supervening upon 
a pzeviously normal action of the bowels. 

An alternating constipation and diarrhoea, with left-sided colicky pain, 
is very suggestive (Dunn), as it is also in the case of suspected malignant 
disease. But in carcinoma this history is almost invariably a comparatively 
recent one, while in diverticulitis it tends to be of much longer standing, in 
which case it is undoubtedly a valuable aid to diagnosis. One’s impression 
from the case-histories is that the most infreyuent preceding bowel action is 
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that of many years’ looseness. In such a case, therefore, the diegnosis of 
diverticulitis is improbable. 

1la.—Inflammatory Trouble, more or less Acute, in the Left Lower 
Quadrant of the Abdomen.—Cases of this type constitute by far the largest 
group, and the other clinical types (obstructive, peritonitic, fistulous, pelvic) 
are not infrequently mere sub-groups of this main type, in that they represent 
the ‘end-results’ of a case that for months or years has exhibited symptoms 
about to be described, and on that account necessitating inclusion in this 
inflammatory group. Erdmann has gone so far as to say that the occurrence 
of left-sided pain, with mass or not, but with tenderness and rigidity, is practi- 
cally pathognomonic of diverticulitis. We shall see that this represents the 
extreme view, favoured by the many supporters (e.g., Patel) of the almost 
exclusive réle of diverticula in inflammatory troubles in this quarter. Fitz in 
1912 said that the cases comprised in this ‘inflammatory’ group made a fairly 
complete picture of what must be recognized as a new disease of the lower 
abdomen—diverticulitis of the left quadrant, analogous to appendicitis of the 
right quadrant. 

Inflammation here has been variously described under the following terms : 
Diverticulitis and peridiverticulitis ; sigmoiditis and perisigmoiditis (including 
infiltrating colitis and hyperplastic colitis); sacculitis ; pericolitis (sinistra) ; 
left-sided appendicitis ; epiploic appendicitis ; pelvic peritonitis. We must 
here digress a little to consider the usefulness of these terms—as to which 
may be permanently discarded, or which should be provisionally retained until 
our knowledge is more complete. 

Sacculitis is entirely a bad term. Its employment is urged mainly by 
Rutherford Morison, who misconceives the views of one of us in his letter to 
the Lancet on the point. Sacculation of the colon is one thing, and diverti- 
culum-formation another; they are quite distinct, though they may co-exist 
(14, 75, 81). Sacculation is generally understood to mean an exaggeration of 
the normal haustra; in the great proportion of cases no marked exaggeration 
of the normal haustra occurs, though Keith has drawn attention to a tonic 
contraction of the tenia which may have some influence in this direction. 
Lockhart Mummery also says that the diverticula are a kind of exaggeration 
of the normal sacculi of the colon occurring between the longitudinal 
muscular bands. We think the comparison with sacculi of the bladder has 
something to be said for it, but under any circumstances the term diver- 
ticulitis has come to stay, and we must therefore make its connotation as 
precise as possible. 

Pericolitis is a term of more subtle inutility. Lockhart Mummery adopts 
it as the main and inclusive title of a large mixed group of cases, including 
cancer, syphilis, and tubercle, which, with diverticula, form a sub-group, 
albeit he ascribes to the diverticula an importance and frequency which is 
overwhelming save in comparison with cancer. We think this classification 
is not the most useful, and we would urge that the various inflammatory 
lesions met with in this region should not be grouped under any such vaguely 
inclusive term, but should at present be separated as sharply as is possible the 
one trom the other. We urge that diverticulum formation be given a separate 
and special place, to mark as completely as possible this separation from the 

VOL. IV.—NO. 15. 32 








































498 THE BRITISH JOURNAL OF SURGERY 


other morbid processes with which it has been and still is being confused. In 
this way will our knowledge most rapidly progress. 

Left-sided appendicitis is a term which should always stand for a true 
vermiform appendicitis with left-sided lesions or manifestations. Such cases 
are rare, and in the past have certainly been confused with those now under 
consideration. The instance recorded by Bland-Sutton (67), in which the 
suggestion of an appendicitis in transposed viscera was seriously advanced as 
an explanation of diverticuiar disease in the left lower quadrant, occurred 
at a time when diverticulitis was still practically unknown. 

Epiploic appendicitis is, of course, a true title for some of the cases, and a 
little more will be said about it later ; but it is only limited in its application, 
and therefore is not a synonym for diverticulitis. 

Sigmoiditis—In regard to this (and its sub-group perisigmoiditis), how- 
ever, there is a very great deal more to be said. The present question is this : 
Are diverticulitis and sigmoiditis different terms for the same condition, which 
is always primarily a diverticulitis? Or are there two distinct pathological 
conditions, a diverticulitis and a non-diverticular sigmoiditis ? Graves, for 
instance, says that these inflammations of the sigmoid are not yet thoroughly 
understood, and that the inflammatory tumours (sigmoiditis) described by 
various observers, and with which occurs general fusiform and local swelling 
about the gut somewhat resembling diverticulitis, appear to have a mysterious 
origin. He is inclined to connect them with the very frequent occurrence of 
adhesions about the sigmoid. 

In regard to diverticulitis, we are certain (1) of its reality, and (2) of 
its very considerable frequency, a frequency which becomes the more apparent 
the more closely the subject is studied. Some clinicians would have us believe 
that all such cases are diverticular: reaching in this direction, Patel said in 
1907: “* Peut-étre un jour sera-t-on en droit de dire que, dans presque tous 
ces cas décrits sous le nom de sigmoidites, il s’agit de veritables diverticulites, 
absolument comme l’appendicite a été substituce pen a peu a la typhlite.” 
This observer, while obviously a firm believer in the importance and frequency 
of the réle of the diverticulum in sigmoiditis, has made most of his valuable 
contributions—principally on the acuter cases—under the title of sigmoiditis. 
In 1911 he collected a number of cases of perforating sigmoiditis, causing 
general peritonitis and abscess. Under this title one is certainly able to 
include all such lesions apparently originating in inflammatory processes in 
this section of the bowel, and the grouping has a certain clinical usefulness. 
But it does not help to define and limit the exact influence and frequency 
of the diverticulum formation. 

As to the reality of sigmoiditis, there is not complete unanimity of opinion. 
Older observers such as Nothnagel and Ewald have failed to meet with these 
sharply localized inflammatory processes in the colon; but on the other hand 
there is now a considerable volume of literature (except perhaps in England) 
describing and classifying cases of sigmoiditis. The cases exist, it is stated, 
in all grades of severity, from transient infiltration of the mucosa to severe 
involvement of the whole gut, with, in some cases, suppuration and abscess 
formation. The general tendency is to a more or less defined tumour forma- 
tion, particularly the ‘sausage-shaped’ tumour. The condition is generally 
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ascribed to bacterial inflammation of the gut wall—some authors say almost 
invariably as dysenteric inflammation, of greater or less virulence ; constipa- 
tion, particularly sigmoid stasis, is assigned a leading réle in etiology. The 
terms infiltrating colitis (Leube) and hyperplastic colitis (Schutz) are used for 
varieties of sigmoiditis. 

In the study of these cases, one is struck by the fact that nearly all the 
symptoms and physical signs of the condition are identical with those encoun- 
tered in the vast majority of the proved cases of diverticulitis. Indeed, it 
seems to us that on broad lines the main differences may be summarized by 
saying that in the (non-diverticular) sigmoiditis cases: (i) A relatively con- 
siderable number occur at an earlier age than is the rule for proved cases of 
diverticulitis (Ransohoff, Ashurst); (ii) Symptoms pointing to involvement 
of the intestinal mucosa are relatively much more frequent ; and (iii) Subsi- 
dence under treatment without operation is almost the rule. This last result 
has been proved to be possible in cases of diverticulitis ; indeed, Giffin says the 
previous appearance of a mass, and its subsequent disappearance, is strongly 
confirmatory of other signs and symptoms pointing to diverticulitis. 

We confess to an unfamiliarity with these cases of non-diverticular sig- 
moiditis and perisigmoiditis, and have been much impressed with the fact 
that a large number of writers (e.g., Rosenheim, Matthews, Mayor, Durant) 
on the subject have failed to reveal (in their articles) any knowledge of 
the diverticular process. This is evidenced by the omission to consider it in 
differential diagnosis, and is a serious flaw in the value of such contribu- 
tions. Such a series of cases as that, for instance, given by Stern, leaves us 
quite unconvinced. He enlarges upon chronic sigmoiditis, diagnosed almost 
invariably by the use of the sigmoidoscope, but we feel that where his cases 
have not a diverticular origin, they are probably nothing more than examples 
of chronic constipation. Dahl, also, makes a severe, but we think justifiable, 
criticism of Rosenheim’s case af sigmoiditis of mucosal origin. While we 
feel that there are cases of sigmoiditis, to be sharply differentiated from 
diverticulitis, we are inclined to the view that they are infrequent, and our 
inclination is also to support the generalization of Patel quoted above. 
Our excuse for discussing the point somewhat at length is that it must 
be obvious to anyone who urges a wider recognition and acceptance of 
diverticulitis as an entity, that there is need for much more careful work 
to be done ‘in regard to exact definition and weeding out of the non- 
diverticular cases. In the bibliography at the end of this article we give 
a number of references which are essential to a full study of the subject 
of diverticulitis and its relation to sigmoiditis. 

SYMPTOMS OF THE INFLAMMATORY LEsIon.—In the first place it is im- 
portant to note that symptoms from the intestinal lumen are not to be expected 
in the early stages of the process. Stenosis takes a long time to develop into 
symptomatic obstruction, and the great infrequency of involvement of the 
mucosa has already been noted. 

Pain.—This, of one kind or another, is very frequent. It is referred in 
most cases to the left iliac fossa; very suggestive is its colicky and recurrent 
character. There may be only a single attack of pain, as in the gangrenous or 
acute cases, but there are frequently many attacks, spread over periods of 
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months or years (twelve years—Giffin). The pain is seldom accompanied by 
attacks of vomiting. 

Tenderness.—This is an extremely frequent symptom elicited by palpa- 
tion, and reference to Fig. 289 will give at a glance its site of election. It is 
usually accompanied by more or less definite muscular rigidity. 

Tumour.—This has been noted in 30 per cent of the cases. Its localiza- 
tion is also clearly indicated in Fig. 289, which is constructed from a number 
of typical cases. A specially characteristic tumour is an elongated or ‘sausage- 


Fic. 289.—Diagram to show 
the position of a palpable mass 
(black), and of tenderness (red), 
in cases of diverticulitis, as 
found recorded in the litera- 
ture. The numbered areas 
refer to cases in the list of 
selected cases given at the end 
of the article. Some of the 
areas marked are more fre- 
quently illustrative than are 
others. The sharp outline is 
adopted as a matter of con- 
venience in drawing attention 
to the variety of sites which 
can be met with in different 
cases ; in only a few instances 
is there a record of precise 
sharpness and limitation of 
outline. 

Brack AREAS. — Palpable 
mass in area 1, Case 87; 2, 
Cases 38, 88; 3, Case 27; 4, 
Case 38; 5, Case 11; 6, Case 
3; 7, Case 7; 8, Case 32; 
9, Cases 2, 9,18; 10, Cases 8, 
17, “36. 

Rep AREAs.—Tenderness in 
area 1, Case 90; 2, Case 88; 
3, Case 86; 4, Cases 29, 38, 
90; 5, Case 91; 6, Case 92; 
7, Case 10; 8, Case 32; 9, 
Case 18: 10, Case 17; 11, 
Case 58; 12, Case 89. 


shaped’ one lying just above and more or less parallel with Poupart’s ligament. 
In size it varies greatly, having been noted as large as a child’s head. It may 
be fixed in the pelvis and mistaken for an ovarian or other pelvic tumour. It 
is usually more or less tender, and is not as a rule mobile. 

A feature of this tumour it its variability (cf. sigmoiditis). It may appear 
and_ disappear, even several times, and such a recurrent tumour, with the usual 
concomitants of inflammatory trouble in this area, is a specially diagnostic 
feature (as it is also of sigmoiditis). 
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Abscess.—This is of very frequent occurrence (28-8 per cent), and fre- 
quently leads to tumour formation. It.is responsible for the pyrexia and 
leucocytosis, and also for the sudden and spontaneous disappearance of both 
tumour and symptoms, by spontaneous discharge through bowel or other 
viscus or externally, as has been insisted upon by Stengel. 

Fever.—This is usually moderate and irregular ; it may be manifested as 
irregular attacks over a number of years (12, 43). Rigors are sometimes 
present, in one case simulating malaria (7). 

Leucocytosis.—This is frequently met with, and, with fever, is a valuable 
point in the differential diagnosis from cancer, though, as emphasized, cancer 
itself in this region is liable to be accompanied by inflammatory phenomena, 
making the diagnosis one of great difficulty or impossibility. 

Stools.—Constipation and diarrhoea have been discussed ; the important 
point otherwise is the absence of visible blood, over prolonged intervals. 
Though blood has been noted in some cases (40, 65), yet its presence is so excep- 
tional that it should give rise to the greatest reluctance in diagnosing diverti- 
culitis as opposed to carcinoma. Its absence is of course due to the fact that 
the mucosa of the bowel is so seldom involved. 

Bladder Symptoms.—Apart from actual fistulous communication with 
the bladder, which constitutes a separate clinical group, there are frequently 
symptoms of bladder irritability, probably due to the nearness of inflammatory 
foci or to actual adhesion. 

Pelvic Symptoms.—These are of some frequency, and sometimes make the 
clinical feature. These cases are discussed more in detail later. 

Summarizing the foregoing symptoms, the inflammatory cases may be 
roughly subdivided into the fol'’owing sub-groups :— 

i. Acute and Fulminant (gangrenous).—Symptems practically identical 

with acute right-sided appendicitis. 

iil. Recurrent.—Acute or subacute attacks over a long period. 

ili, Cases ending in Spontaneous Recovery. 

iv. Protracted Cases.—Those which continue till the clinical picture is 

changed by one or other of the following developments: (a) 
Simulation of carcinoma; (b) Intestinal obstruction (acute or 
chronic); (c) Bladder perforation; (d) General peritonitis ; 
(e) Incidence of pelvic symptoms. 

TrauMA.—The mode of onset of many of the acute cases is of interest as 
showing the great part which trauma of various kinds may play. It would 
seem to have a definite diagnostic value when diverticulitis is under suspicion. 
An analysis of our cases revealed the following varieties of trauma, apparently 
acting as exciting causes of, at any rate, the acute manifestations: while 
straining at stool (20, 55); during an administration of an enema (5); follow- 
ing a dose of castor oil (28, 33); jolting in a motor-car (24) ; following a heavy 
meal (9, 24); while lifting a weight (8); while jumping (32); while at work ; 
during an abdominal operation. 

1b. Cases with Symptoms in the Right Lower Quadrant (1, 11, 15, 
35, 56, 60).—Just as true appendicitis may occur with left-sided localization 
or symptoms, so, with much greater relative frequency, may diverticulitis 
occur with right-sided symptoms. This is due mainly to the relative mobility 
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of the sigmoid loop (see Fig. 299). These cases are, when acute, practically 
indistinguishable from appendicitis. A diverticular origin should perhaps 
occur as a possibility if such a characteristic happening as bladder fistula 
resulted ; but, as with other less usual localizations of diverticulitis in the 
transverse and upper descending colon, correct diagnosis is not to be 
expected. Right-sided manifestations may result from diverticula of the 
excum, or from a true diverticulitis of the 
vermiform appendix. Lejars and Ménétrier 
have suggested that these latter cases some- 
times lead to special localizations of abscess, 
owing to the tendency of the diverticula to 
form between the appendicular mesentery. 
This point does not seem to have been very 
fully worked out, and is of course of but 

minor importance. 
Epiploic Appendicitis.—There is an in- 
teresting group of cases, a small number of 

Fic. 290.—Diagram of the brim which are scattered through the literature, 

of the pelvis, to show a long sigmoid of inflammatory changes, acute or chronic, 
loop drawn over to the right side, ° : 
and enveloping the uterus (indicated confined to an epiploic appendage. Many 
m Bag eg a | these—perhaps most—are due to the 
right-sided pain in diverticulitis of _ appendage being more or less hollowed by a 
a ee ee) diverticulum. This may lodge a foreign 
body (Fig. 271 C), which may inflame or per- 
forate, and set up a general peritonitis or local abscess. A more chronic type 
of inflammation may cause adhesions, and later an obstruction by band for- 
mation (84) or kinking. Tuttle records a case of chronic obstruction of the 
sigmoid flexure due to two epiploic appendices being adherent to each other. 

While not all cases of epiploic appendicitis are of diverticular origin, the 

. lesion is one which is very closely related in practice, and must be considered 
differentially in a certain number of cases. 

2. Acute General Peritonitis-——This is not infrequent, and is usually a 
lethal complication of a diverticular perforation. We have noted it in 18 per 
cent of our cases. It may be mainly mechanical in origin (the sudden ‘pistol- 
shot’ perforation, as a result of trauma), or the result of the gangrenous 
sloughing of a diverticulum or a diverticulum-containing appendage. This 
latter possibility may be kept well in mind, for only the hole in the bowel may 
be visible at operation, and no doubt many cases of assumed perforation of a 
stercoral or ‘solitary’ ulcer have had this origin. The practical point is that 
any such finding at operation should lead to a search for the presence of other 
diverticula, which may be found to be on the verge of perforation or in an 
inflamed condition (3, 30). 

As many of these cases occur in aged or debilitated subjects, the p:rito- 
nitis may be of the asthenic or latent type, and may be discovered only at a 
post-mortem examination. 

3. Vesicocolic Fistula (and bladder symptoms generally).—Reference to 
the table of adhesions noted as the result of diverticulitis (p. 492) shows that 
in a large number of cases (33 in 280) adhesion takes place between the bladder 
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and the sigmoid (but occasionally between the rectum and bladder). The 
adhesion may be direct, i.e., the viscera themselves are in contact, or through 
a more or less dense fibrous mass, or an intervening chronic abscess cavity. 
The mass may be tunnelled by diverticula, as is wel] shown in Case 69. These 
adhesions may cause no bladder symptoms, but in a number of diverticulitis 
cases vesical irritability, which may be transient, has been noted. Sometimes, 
however, the adhesion goes on to perforation, so that by the diverticular 
channel a fistulous communication between the gut and the bladder may 
occur, with consequent passage of air and feces per urethram. Some of 
these cases undergo spontaneous recovery (13). 

Like all else connected with the pathology of diverticula, the fact that 
they were not only a cause, but a relatively frequent cause, of vesicocolic 
fistula was overlooked for long enough. Sidney Jones described a case (53) 
very clearly in 1858, but Cripps in 1888, when specially investigating the 
subject and noting the case, makes no comment on its unusual pathology. 
To Heine, in 1904, belongs the special credit of emphasizing the compara- 
tive frequency of diverticulitis as a cause of this form of fistula: he collected 
7 certain and 9 extremely probable cases at that date. In the present 
series we note 38 cases of bladder fistula, of which 25 are of certain and 13 of 
very probable diverticular origin. Moynihan was the first observer in England 
to emphasize the diverticular origin of vesicosigmoid fistule; he is worth 
quoting exactly. He wrote in 1907: “ The formation of a vesico-intestinal 
fistula seems to be one of the tendencies of a perforated false diverticulum ; 
a search through the literature has shown that it is far more common than was 
supposed. In cases where a hard growth in the intestine is accompanied by 
the passage of flatus and feces by the urethra, a diagnosis of carcinoma se2-ms 
irresistible, yet the probability is that ‘the growth’ would be simple, and that 
the cause of the fistula would be a false diverticulum which had burrowed its — 
way through all the coats of the bowel, and thence through the wall of the 
bladder which had become adherent.” Experience has confirmed the truth 
of this. 

The italics in the above quotation are ours: they serve to emphasize the 
fact that the common belief is that most vesicocolic fistulae are malignant in 
origin. Cripp’s series refutes this; he gives, for 63 cases: traumatic, 2; 
cancerous, 9; inflammatory, 45; unascertained, 7. Moreover, he gives 
reasons for thinking that malignant cases would tend to bulk less largely in 
the records, because they would be regarded as of the more common type. 
Chavannaz, writing later, puts the proportion of malignant cases at less than 
20 per cent, and comments on the customary exaggeration of the frequency of 
fistulae by direct extension from a malignant focus. Indeed, Kelly and 
McCallum say that in malignant cases the fistula is more often above the 
growth than resulting directly from it: this latter class of case forms less 
than 10 per cent of the whole. 

Cripp’s table of localization gives: rectum, 25 cases; colon (sigmoid 
flexure 11, not stated 4), 15; small intestine, 12; colon and small intestine, 5 ; 
unascertained, 6. Chavannaz (95 cases) gives 24 per cent between bladder and 
sigmoid. 

The subject has been recently (1916) reviewed by R. C. Bryan, and he 
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has collected and analyzed 42 cases. Males are at least twice as frequently 
affected as females. He gives the following age table: not stated, 6; twenty 
to thirty, 3; thirty-one to forty, 7; forty-one to fifty, 5; fifty-one to sixty, 
14; sixty-one to seventy, 4; seventy-one to eighty, 2 ; eighty-one to ninety, 1. 

These statistics prove (1) that vesicocolic fistula is not so frequently due 
to malignant disease ; and (2) that it is very commonly situated between the 
bladder and the sigmoid flexure. But this does not prove the diverticular 
origin of such fistula. In this direction Heine’s series is strong evidence, and 
Bryan’s later series is still more cogent. The latter gives an etiological table 
of his 42 cases as follows: sigmoid diverticulitis (certain), 15; sigmoid diver- 
ticulitis (probable), 6 ; inflammation (?), 4; surgical traumatism, 3; carcinoma 
of sigmoid, 3; carcinoma of bladder, 2; carcinoma, not specified, 2; ovarian 
abscess, 2; amoebic sigmoiditis, 1; carcinoma or gumma of sigmoid, 1 ; 
tuberculosis, 1; stricture, 1; ulceration, 1. Naturally, he says, “ it appears 
well substantiated that diverticulitis is the most frequent cause of sigmo- 
vesical fistule.” 

A diverticular crigin is more particularly to be suspected when the 
symptoms of fistula follow long-standing evidences of inflammatory or bowel 
trouble in the left lower quadrant of the abdomen, as has been described. 
When, on the other hand, the preceding history is essentially ‘vesical,’ a 
diverticular origin is improbable. 

These facts have a practical bearing, and point to greater prospects of 
relief irom surgical interference. Two cases (21, 22) recently recorded by 
Littlewood strikingly bear out this, the possibility of attaining brilliant results 
by operation. On the other hand, Chute, commenting on the failure of his 
method in his two cases, says: ‘“‘ Beside the technical difficulty of doing a 
plastic operation in the depths of the pelvis, there are two other things that 
militate against success in closing these diverticular openings in the sigmoid. 
The first is the frequency with which there is a narrowing of the sigmoid below 
the opening of the diverticulum, which increases the pressure on the suture 
line, and if this narrowing is marked, it makes success practically impossible. 
Such a narrowing may be due either to an infiltration of the bowel wall with 
secondary ccntraction of the lumen, or to the pressure of a mass of inflam- 
matory exudate against the bowel from the outside. The other factor that 
renders success difficult in these cases is the poor condition of the bowel for 
suture. It is thickened, making folding-in of the wall practically impossible ; 
it is friable, making it difficult to have sutures hold; and finally, its nourish- 
ment is interfered with to a degree that makes union slow and uncertain.” 

4, Pelvic Syndromes.—In the last few years much attention has been 
drawn to the relationship between sigmoidal and pelvic diseases. The 
anatomy and mobility of the sigmoid loop will make it probable that inflam- 
matory processes originating therein may cause adhesion with, or spread to, 
or otherwise involve the pelvic viscera. Poulain has analyzed the literature 
and cases bearing on this relationship, and separates out three types of case : 
(i) Inflammation primary in sigmoid loop, and involving adnexa and uterus ; 
(ii) Inflammation of genitalia, involving sigmoid; (iii) A sort of sigmoido- 
salpingitis, in which inflammation starting in either augments or doubles the 
lestons (1). 

















DIVERTICULA OF THE LARGE INTESTINE 505 


Probably the most widely held view has been that these adhesions 
generally resulted from pelvic inflammation of one sort or another. Bernitz 
and Goupil in 1857 showed that pelvic cellulitis did not tend to produce these 
adhesions to the sigmoid flexure, but this view is not shared by all observers. 
Since then, however, one observer after another has given prominence to the 
sigmoidal factor. Poulain comments on the occurrence of diverticulitis as a 
cause, and records a case. Bodkin states that sigmoiditis may produce left- 
sided phlebitis and inflammation of the broad ligament. Albrecht gives a 
very remarkable case (1), in which the symptoms were on the right side of the 
pelvis, and a diagnesis of pelvic carcinoma was made at operation, and also 
comments on the mimicry 
of pyosalpinx by sigmoid- 
itis. Shoemaker also 
quotes some illustrative 
cases (36, 37), in which 
the symptoms were left- 
sided, and in one of them 
pelvic carcinoma was sus- 
pected. Many observers 
have commented on the 
frequency of adhesions 
about the sigmoid. Pen- 
nington has drawn atten- 
tion to them as producing 
symptoms of. pelvic dis- 
ease in not a small number 
of cases. Such symptoms 
include almost all of those 
described under the vari- 
ous uterine and_ pelvic 
inflammations: he says 
that in any suspected case 





Fic. 291.—Diagram of a vertical section of the pelvis in 


of pelvic or utero-ovarian a case of perforating diverticulitis. _The bowel wall is seen 
dis a ti d to be stenosed for some distance, and a narrow channel 
isease, & roullme an leads from the lumen of this portion into a mass of inflamed 


thorough examination of tissue placed between the intestine and the uterus. The 
round black mark on the right of this channel is the cross- 


the recto-sigmoidal bowel section of a second diverticulum. Infection of the cellular 

its f i is WS tissue had taken place from the larger diverticulum, and, 
and its functions is just spreading in all directions, had led to the formation of the 
as Important as a vaginal dense mass indicated in the drawing. The posterior cul-de- 


and uterine examination sac is occupied by fluid—inflammatory exudate. (Case 44.) 


Byron Robinson’s _ series 

of figures for sigmoid adhesions has already been quoted (p. 493). 
It is not suggested, of course, that these frequent sigmoidal adhesions 

are in anything but a small proportion of cases connected with the presence 

of diverticula. But advance is being made, in that the pathology of the sig- 

moid flexure and that of the pelvic viscera are being linked together in many 

respects. We only seek to emphasize the connection in respect of the 

the presence of diverticula. 

Giffin, in a series of 39 cases of diverticulitis, mentions 4 (all women) in 
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whom there existed pelvic tumours without any bowel symptoms. In our 
present series, pelvic symptoms, sometimes completely filling the clinical picture, 
are noted in twenty-three cases, or 7 per cent (3, 13, 26, 36, 37, 44 (Fig. 291), 
59, 60), and reference to our table of adhesions is interesting in this connection. 
Seeing that a pelvic tumour may be entirely sigmoidal in origin, but without 
bowel symptoms, and that pelvic cellulitis may be completely simulated 
clinically, we agree with Giffin that diverticulitis should be considered in 
differential diagnosis in all cases of ‘left lower quadrant’ and pelvic inflamma- 
tions and tumours. Yet how short of this standpoint are most of the works 
of gynecology—even the lengthiest treatises! Here, again, it is safe to pre- 
dict that in future, gynecologists, mindful of diverticulum formation, will 
add greatly to recorded cases of this type, and consequently to our exact 
knowledge of the condition. 

5. Intestinal Obstruction.—Many cases present themselves clinically in 
this guise, with obstruction either as the first important symptom, or con- 
secutive to a varying period of ‘inflammatory’ symptoms. The obstruction 
may be acute, and may then be due to obstruction of the small intestine by 
bands, as in the interesting example in Case 84, or to involvement in adhesions 
(83). Acute obstruction may suddenly supervene in a sigmoid which has 
been developing stenosis for years past. Angulation or kinking of the sigmoid 
flexure may result from contraction of the sigmoid mesentery dve to a 
chronic (diverticular) mesenteritis, as pointed out by Ries and others. More 
often the obstruction is recurrent, partial, or subacute, the final stage of 
repeated threatenings (41, 72). 

6. Mimicry of Carcinoma.—This is discussed in the next section. 





V.— DIAGNOSIS. 


Carcinoma.—The stenosis which causes obstruction is frequently palpable as 
a tumour, and it is this clinical feature which leads so frequently to a mimicry 
of carcinoma, as Graser, Moynihan, and indeed most writers on the subject 
have pointed out. The differential diagnosis is frequently impossible ; but with 
a full appreciation of the facts given in these pages, a correct diagnosis can 
not infrequently be adumbrated, if not made positively. Correct diagnoses 
prior to operation have now been made by a number of surgeons. Examina- 
tion by the procto-sigmoidoscope, x rays, and cystoscopy furnishes aid to 
diagnosis in some cases. A few recent observations in regard to these 
methods, as applied to diverticular cases, may be useful. 
StcMorDoscoPE.—The use of this instrument, which is not entirely devoid 
of risk, has been extremely disappointing as regards affording positive data 
for the diagnosis of diverticula. Such was the conclusion arrived at by Beer 
in 1911. He has been keenly interested in the subject of sigmoid diverticula, 
and has made valuable contributions to the literature thereon, but up to 1911 
had not been rewarded by making a positive sigmoidoscopic observation, 
though he quotes Zweig as having done so. Tuttle says he was once able to 
insert a probe into an abscess cavity in the mesosigmoid through the sigmoido- 
scope. The diverticular nature of the cavity was not stated. Friedel (quoted 
by de Quervain in 1914) said at the Surgical Congress in Paris (1915) that one 
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could sometimes recognize the opening of a diverticulum by its red edges and 
the fact that it was oozing pus. This statement is to us particularly uncon- 
vincing, as these diverticula seldom or never ‘ooze pus.’ As Beer says (loc. 
cit.), and as we have throughout. insisted, it is difficult enough to recognize 
these orifices, concealed as they are by the folds of mucosa, when one has the 
specimen in one’s hand, so that observation by sigmoidoscope is unlikely to 
yield valuable results, except negatively : a negative finding is on the whole 
against carcinoma, and therefore in favour of diverticulitis. 

X Rays (2, 39).—That an a-ray examination may be a valuable method 
of confirming the diagnosis is clearly demonstrated by Fig. 292. By its aid 














Fic. 292.-—X-ray photograph to show several shadows thrown by diverticula 
of the sigmoid after barium injection. (Case 31.) 


certain cases of stenosis of the sigmoid flexure have been demonstrated, but 
this does not help greatly differentially. Bismuth may be given by the mouth 
or by enemata (the latter with care, as a rupture of a diverticulum has 
occurred after enemata on more than one occasion). De Quervain quotes 
a most interesting case (31) in which sigmoid irrigation showed six to eight 
warty’ outgrowths from the sigmoid flexure, and thus the diagnosis was made 
with certainty. In the case illustrated in Fig. 292 irrigation was inconclusive, 
but feeding with bismuth showed a loaded colon with these projections. After 
the main fecal mass had passed on and the lumen of the sigmoid flexure was 
clear of shadow, the row of black spots remained for days. It would seem 
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almost certain, however, that the usefulness of 2-ray examination is largely 
restricted by the fact that the diverticula so often have solid feces. This 
must tend to prevent a bismuth-impregnated mass passing through the 
flexure from entering the diverticula to an extent adequate to reveal their 
outlines in shadow. 

Cystoscopy.—This has been of use in the bladder-fistula cases, chiefly by 
tending to exclude malignant disease. Giffin quotes a case from the Mayo 
Clinic in which two fistule were thus observed in the roof of the bladder, and 
were diagnosed as inflammatory, their edges being neither rigid nor indurated, 
thus enabling a correct diagnosis to be made. 

The chief points in differential diagnosis from a carcinoma may be 
summarized as follows :— 

1. The absence of the “shadows of malignancy’’ from the general picture 
(Giffin). 

2. Tendency to obesity, and maintenance of good nutrition generally. 

3. Long history of attacks of abdominal pain in the left lower quadrant. 

4. History of tumour formation with subsequent disappearance. 

5. Absence of blood (visible to naked eye) in stools, over a prolonged 


period. 
6. Presence of a vesical fistula, in which malignancy can be excluded by 
cystoscopy. 


7. Negative sigmoidoscopy as regards malignant disease. 

8. X-ray demonstration of diverticula. 

9. Pyrexial attacks. 

10. Examination of blood: the presence cf neutrophilic leucocytosis and 
the absence of the specific nuclear changes characteristic of cancer. 

In carcinoma of the sigmoid, loss of flesh is early, pain and tenderness are 
late, and are often preceded by tumour. 

There are certain other conditions which have to be considered in 
arriving at a differential diagnosis. They are: (a) Sigmoiditis; (b) Hyper- 
plastic tuberculosis ; (c) Actinomycosis ; (d) Syphilis; (e) Pelvic conditions 
generally. 

Sigmoiditis, from whatever cause arising, has already been somewhat fully 
discussed. We confess that, apart from the three points already noted 
(occurrence of some cases at earlier ages, greater proportion of cases ending in 
spontaneous recovery, and more frequent evidences of involvement of the 
mucosa), we do not discover any reliable differential diagnostic criteria short 
of operation or autopsy findings. 

Hyperplastic tuberculosis is extremely rare in this section of the bowel ; its 
incidence is almost confined to the cacum. Consequently, in any suspected 
cases, one must be assured (1) that diverticulitis has been carefully excluded, 
and (2) that the evidences of tuberculosis are such as to make that diagnosis 
reasonable. In this connection it is interesting to refer to the three cases 
described by Kidd (45, 46, 47). He does not make any allusion to diverticu- 
litis in discussing the diagnosis, and this must under the circumstances be 
taken as proving that he was unaware of this possibility ; in two cases there 
is not the slightest evidence of tuberculosis; in the third it appears to be 
limited to the finding of a few giant cells in the hyperplastic tissue. We 
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have already shown that this is not conclusive ; indeed, Nicolaysen has found 
them, in her hyperplastic case (26), of proved diverticular origin. 

Actinomycosis is mostly in the cecal region, but otherwise would in time 
present a different clinical and pathological picture. 

Lues is very rare in the sigmoid flexure, and would be expected to be 
capable of confirmation in the usual ways. Some observers have urged that 
some of the obscure and so-called syphiitic strictures of the rectum have really 
been of diverticular origin: the suggestion merits attention. 

Pelvic lesions have already been discussed, and there is little to add to 
the dictum that all left-sided (and some right-sided) examples of supposed 
pelvic disease must, after the age of 30, be thought of in connection with 
morbid processes in the sigmoid, and in particular in relation to diverticulitis. 


VI.—SOME UNUSUAL COMPLICATIONS. 


Pulmonary Embolism.—This complication has been noted in four cases of 
our series (29, 30). The occurrence of left-sided phlebitis in pelvic and sigmoid 
suppuration has also been noted, and is probably directly associated with this 
grave complication. Pylephlebitis, leading to multiple liver abscesses, was 
observed in Whyte’s case (62). Fat necrosis in the neighbourhood of an acute 
diverticulitis has been observed once (34). Severe rigors, simulating those of 
malaria, were observed in Case 7 (Ewald). Suppuration in a hernial sac has 
been already alluded to. 


VII.—TREATMENT. 


This is comprised in a single word—surgery—unless operative inter- 
ference is specially contra-indicated. We shall not venture to indicate what 
particular surgical procedure is indicated in special cases, but content our- 
selves with more general remarks. 

In view of the potentiality for mischief of diverticula, all diverticulum- 
bearing gut should be removed. At operation, search should be made, when- 
ever possible, for further diverticula. Recurrence after operation has occurred, 
presumably from neglect of this point. There seems to be a special liability 
to post-operative peritonitis, possibly due to the chronic infection of the 
inflamed tissues in some cases, 

Care should be taken in handling the gut, as at least one instance has 
occurred of rupture of a diverticulum by surgical traumatism. The good 
results already obtained in certain bladder fistule should stimulate surgeons 
to deal with such cases. In at least one very successful case the possibility 
of successful intervention had been negatived by several surgeons of eminence. 

Lastly, no case of supposed carcinoma of the lower bowel must in future 
be regarded as inoperable, either before or at laparotomy, unless diverticulitis 
has been remembered, fully considered, and systematically investigated. 


VIII.— GENERAL SURVEY. 


It is now possible, after the perusal of the foregoing text, to appreciate 
the pathological and clinical inter-relationships and connections which are 
summarized in the schema we have drawn up. It is, of course, evident to all 
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who study the subject at all closely, that diverticulitis has only recently 
emerged from obscurity into recognition, and, as is usually the result, the 
searchlights of many observers together tend to give it an undue or false 
prominence. The apparent complexity of the schema may at first convey 
this impression in regard to a condition for which no great frequency is 
claimed. But do we know its frequency ? Even so, there are two facts which 
impart importance to the condition quite apart from the question of frequency : 
(1) The very complexity of pathological relationships, which makes recogni- 
of the diverticulum process an essential to differential diagnosis in so many 
different directions; (2) The undoubted gravity of the condition when 
present. 

A conception of the successive action of various factors upon the forma- 
tion of diverticula has thus been presented. Commencing with a simple 
mechanical defect in the bowel, there are seen two main lines along which 
pathological changes can proceed, and each line may branch off into three or 
four directions. until we arrive at definite morbid changes, whose clinical mani- 
festations are decided and have been discussed at some length. This mode 
of presentation has brought us steadily to the right-hand side of the schema, 
and provides us with a tangible explanation of the manner in which each 
clinical type has arisen. 

It is useful now to gather together the conceptions of the pathological 
and clinical aspects of the subject, and sharpen them into a stereoscopic image 
by a brief consideration of a hypothetical case of the disease, with the object 
of demonstrating the principles upon which a clinical examination of the case 
is to be made. Our patient will be middle-aged, and probably well-nourished, 
and seeks our help because of more or less severe abdominal pain, which is 
most likely localized over one or other of the areas indicated in Fig. 289. 
According as the case is acute or chronic, the investigator’s mind is drawn 
backwards along either the upper or the lower series of conditions delineated 
in red and black respectively upon the schema. In either case, a decision 
must be made upon the probable anatomical site of the disturbance—whether 
generalized, or restricted to a definite anatomical area such as the appendix, 
the cecum, the transverse colon, the sigmoid, ete. It would be desirable to 
reach still more refinement in this direction, deciding, for instance, whether 
the lesion were in the mesentery or in an epiploic appendage ;_ but it is more 
important—because more practicable—to search for indications of such a 
type as the pelvic syndrome and the facts we have brought to light in relation 
thereto. 

The next step in the mental process of study of a case takes us to a consider- 
ation of the nature of the lesion. The middle portion of the schema reveals 
the fact that there are two main types to discuss: (1) The inflammatory ; 
and (2) The neoplastic. The former group includes a series of cases of inflam- 
mation which are successively advancing in severity, branching off into the 
direction of abscess formation on the one hand, and of gangrenous change, 
with perforation, on the other. In each case a definite series of clinical pheno- 
mena is produced. But it also includes a second line of phenomena, which 
become progressively less and less ominous pathologically, until we arrive at 
a quiescent condition of fibrosis—whose effects are apt to be none the less 
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IX._SCHEMA 


TO LINK UP THE ANATOMY OF THE DIVERTICULUM WITH ITS SECON] 
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serious for the patient, by reason of the mechanical disturbances which they 
produce. The neoplastic group again reveals a dichotomous chain of events, 
the one relating to the existence of genuine malignant disease, while the other 
—mimicking the cancer—links up with the quiescent type of nny 
process just referred to. 

The investigator will now find himself able to proceed with confidence 
along these main avenues of thought, using the special data discussed under 
each heading in preceding pages, in combination with the general principles of 
medical diagnosis. Confronted with a case of this disease, he will now find 
himself set with some precision along the roads which terminate in an exact 
assessment of the given case—a precision which is the more concrete the 
closer the grasp of the exact nature of the pathological roads whose termini 
are indicated at the right-hand end of the schema. 

We once more maintain that the clear delimitation of sigmoiditis from 
diverticulitis is essential to the understanding of left lower quadrant syndromes. 
Sigmoiditis is, so to speak, the older disease, and one or two observers (e.g., 
Ransohoff) have mourned its threatened eclipse by diverticulitis at a time 
when it—even perforative and suppurative sigmoiditis—was so firmly estab- 
lished. We ourselves, while constrained to admit the existence of these cases, 
are by no means as familiar with them clinically as certain series of cases 
would lead us to expect, possibly because sigmoiditis may own a special (e.g., 
a dysenteric) and local bacterial origin, which can scarcely be expected to 
determine the formation of diverticula. A study of the literature of sigmoiditis 
leads us, as it has led others, to suspect that had the contributors been fully 
aware of diverticulitis, much would have been written otherwise. As a result 
of eighteen years’ observation and study of diverticula, we feel that it far out- 
weighs in clinical importance any other pathological condition in the left iliac 
fossa, with the sole exception of carcinoma, and even here there is something 
in need of revision. 


X.—A SELECTED LIST OF ILLUSTRATIVE CASES. 


Case 1 (ALBRECHT, 1907).—Female, 36. Previously under medical treatment 
for a tumour in the abdomen. Present attack began with sudden severe cramps, 
rigors, nausea, pyrexia, leucocytosis (15,000). Obstinate constipation. Abdomen 
tense and tender. Vaginally, a tumour on the left side of the uterus, the size of a 
fist and a half. Right tube, thickness of finger. Laparotomy showed a mass 
adherent to the right side of the pelvis. The sigmoid was a rigid tube and showed no 
carcinomatous change in the mucosa. The walls were very greatly thickened (up to 
3 em.), and there was a recent fibrinopurulent deposit on the appendices epiploice. 
There were a few diverticula present. 

Apparently there had been several attacks of pelvic peritonitis depending on a 
gonorrheeal pyosalpinx ;_ perisigmoiditis had resulted, and this, coupled with the 
formation of diverticula from constipation, gradually produced more and more 
fibrosis of the walls of the ” Acute infection of the pyosalpinx led to renewed ~ 
peritonitis. 


Case 2 (ABBE, ies. teas, 60. Sudden partial obstruction, with acute tender- 
ness over a hard resisting mass in the left iliac fossa. Pyrexia. Leucocytosis (22,000). 
X rays showed the presence of diverticula. There had been loss of weight. Numerous 
diverticula were found at operation, and one formed an abscess in the mesentery 
outside the intestinal wall. (Fig. 289, 9 black.) 
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Case 3 (ALBERTIN, 1912).—Female, 39. A chronic sufferer from abdominal 
pain and digestive trouble. Present attack presents very acute lumbar pain, worse 
at night, colic, occasional vomiting. Vaginal examination showed a large mass in 
the left fornix hardly distinguishable from the uterus. The mass is tender. Operation 
revealed a very fat sigmoid, with fat epiploic appendages and much congestion. A 
He — diverticulum was found, just about to perforate. Recovery. (Fig. 289, 
6 black.) 


Case 4 (ANSCHUTZ, 1909).—Male, 23. Had an attack like appendicitis in March, 
another in May, and a third (very severe one) in June. Previous health good. Oper- 
ation showed a tumour in the sigmoid, which proved on microscopic examination to 
be diverticular. One had perforated. 


Case 5 (BARBAT, 1910).—Male, 56. Very obese. The symptoms were those of 
acute strangulation ; complete constipation had existed for three weeks. Salines 
were given by proctoclysis, and led to the rupture of a diverticulum. Enemas pre- 
viously had extracted some small round masses of hard feces which may have come 
from within diverticula. Operation revealed a dirty grey sloughing mass of fat at 
the junction of the anterior layer of the mesosigmoid and the root of the mesentery. 
A perforation had occurred at this place. Death six days after operation. 


Case 6 (CAMERON and RIPPMANN, 1910).—Female, 73. Stout. She had an 
irreducible right femoral hernia, severe abdominal pain, constipation, subnormal 
temperature. Pus was found over the hernial sac, and the pelvis was half full of pus 
owing to an abscess behind the sigmoid. A bile-stained fish-bone projected into the 
gut from a diverticulum half an inch long, whose apex was perforated, thus setting 
up general peritonitis. There were three other diverticula higher up. 


Case 7 (EWALD, 1912).—Male, 60. Taken ill with a sudden rigor fourteen days 
before ; rigors recurred, the illness simulating malaria. There was 2 per cent glyco- 
suria, and 7 gm. of albumin per litre (rapidly falling to nil). The patient was too ill 
to justify operation, and he died in three weeks. Numerous diverticula were found, 
as well as a large abscess round the colon, extending up to the spleen and diaphragm, 
and involving the pancreas. He was a chronic sufferer from gout. (Fig. 289, 7 black.) 


Case 8 (EBNER, 1909).—Male, 65. Nutrition bad. The illness began suddenly 
while lifting sacks of grain. There was slight pyrexia, increasing constipation, and 
frequent vomiting. The abdomen was markedly tender. Laparotomy showed a 
twisted omental mass. The intestinal walls were notably paresed. Pea-sized diver- 
ticula along the whole length of the sigmoid. There was a sinus running in the walls 
of the bowel, opening at one spot into an abscess, in another into a perforated diverti- 
culum. Death occurred rapidly. (Fig. .289, 1° black.) 


Case 9 (ERDMANN, 1914).— Male, 48. Began like acute appendicitis, after 
eating a hearty Christmas dinner. Pyrexia. Leucocytosis (19,500). Pain and 
extreme tenderness in the left iliac fossa. Operation on the fourth day showed an 
exudate along the greater curvature of the sigmoid, with a small abscess. Two 
epiplodns were engorged, one nearly gangrenous, and perforated. Recovery. (Fig. 
289, 7 red, 9 black.) 


Case 10 (ERDMANN, 1914).—Male, 34. Had sudden severe pain in left flank. A 
tender mass felt as in Fig. 298, 7 red. Pyrexia. Operation showed acute’ diver- 
ticulitis. One diverticulum was tied off.. Recovery. 


Case 11 (RicHARDSON, quoted by Graves, 1911).—Male, 70. Pain in the epi- 
gastrium for two days, and then in the right iliac fossa, with tenderness. Leucocy- 
tosis (17,000). Rectal examination showed a resistant tender tumour at the right 
pelvic brim. Operation showed pus and feces in the pelvis. A partly gangrenous 
epiploic appendage, the size of a plum, was found adherent to the rectum and the 
coils of intestine. Its cavity opened into the bowel. Death twenty-two days later. 
(Fig. 289, 5 black.) 


Case 12 (RicHARDSON, quoted by Graves, 1911).—Male, 52. Symptoms of 
fistula between bladder and intestine. There had been attacks of sudden fever for five 
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or six years. Eighteen months ago there was very severe pain in the bladder. X rays 
showed no evidence of calculus at that time. Operation revealed a thick infiltrated 
rectum. One diverticulum was resected. Another was not inflamed. Death six 
months later. There was a fistula into the bladder, a small abscess cavity being 
present in the adhesions between the two viscera; there were two holes into the 
rectum, and one into the bladder. 


Case 13 (GRAVES, 1911).—Female, well nourished. Had a fecal fistula into the 
bladder, which allowed gas but not feces to pass. Tender mass behind the uterus, 
and tenderness on deep pressure over the left iliac fossa. Operation showed adhe- 
sions to posterior wall of uterus. There was a necrotic area on the sigmoid, with two 
small diverticula near by. Recovery. 


Case 14 (HARTWELL, 1910).—Boy, age 6, suffering from an infective condition 
which proved fatal. At autopsy the colon was found to have sacculated haustra. 
One diverticulum was found, 2 cm. in diameter (see Fig. 279), opening into the intes- 
tine by a circular hole. There were no special symptoms. 


Case 15 (HARTWELL, 1910).—Female, 48. Nutrition good. Had been ill with 
pain in the right lumbar quadrant for a week. Constipation. Altacks of abdominal 
pain for ten years, two or three times a year. A hard adherent tender mass in the right 
quadrant. Uterus and vagina fixed posteriorly. Operation revealed a mass round 
the cecum and appendix, associated with a diverticulum which had _ perforated. 
This is a case of diverticulum in the ascending colon. 


Case 16 (LE JEMTEL, 1909).—Female, about 45. There is no record of clinical 
symptoms (anatomical cadaver). There was perforation of the large intestine at the 
end of the sigmoid flexure, and adhesion of the Fallopian tube to the site of perfora- 
tion, so that feces could pass through into the uterus and vagina. No peritonitis. The 
left ampulla (Fallopian tube) was much dilated. The mucosa appeared to be 
continuous from one lumen into the other. The uterine orifice was no larger than 
would admit an ordinary penholder. Uterus normal in size. 


Case 17 (Koun, 1914).—An old man, supposed to have appendicitis. Operation 
showed hundreds of diverticula, varying from a pin’s head in size to that of a cherry 
stone. One—situated on the transverse colon—had perforated. (Fig 289, 19 red, 
10 black.) 


Case 18 (KOHN, 1914).—Male, 67. Symptoms of chronic obstruction. Pain 
and tenderness in the left side of the abdomen. Aitacks of obstruction for four years. 
There was a mass in the left lower quadrant which proved to be adherent to the 
bladder and the pelvic brim. The wall of the sigmoid was very thick, and numerous 
diverticula were found, varying in size. The stenosed portion was thickened. The 
case resolved for a time with high enemas. He lived for six years after the opera- 
tion, thus proving it was not a case of cancer. Death occurred subsequently from 
cedema of the larynx. (Fig. 289, 9 red, 9 black.) 


Case 19 (LILIENTHAL, 1910).—Male, 45. There was a febrile illness for weeks. 
Then the abdomen became suddenly distended, especially in the left iliac fossa. A 
hard mass adherent to the abdominal wall was found. There was a small abscess 
between the omentum and sigmoid. There were two inflamed diverticula, one com- 
municating with the abscess. Other diverticula occurred which were not inflamed. 


Case 20 (MurRRAY, 1913).—Male, 67. Taken suddenly ill while at stool. He had 
to be assisted to bed. The abdomen became slightly distended and very tender all 
over. Laparotomy showed general peritonitis due to the rupture of a gangrenous 
diverticulum of the large intestine. There were numerous diverticula into the pelvic 
colon—some very small, others large enough to project from the walls. The feces 
are noted to have been like rabbit-droppings. 

Case 21 (LitTLEwoop, 1910).—Male, 50. Had passed feces and flatus per 
urethram for four years, during which time he had been unable to work. Stone in 
bladder. Mass found in sigmoid, attached to apex of bladder. A portion was 
removed, and showed chronic peridiverticulitis. Recovery. 
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Case 22 (LirrLEwoop, 1909).—Female, 65. Had passed faces and flatus per 
urethram for twenty years. There was also a fistula to the abdominal wall, through 
which feces and urine passed. Chronic thickening of the sigmoid was found, and a 
funnel-shaped diverticular opening into the bladder and on to the surface of the body 
in the left hypogastric region. Operation. Recovery. 


Case 23 (MUMMERY, 1910).—Female, 37. Taken ill with signs of acute general 
peritonitis after a dose of castor oil. There was no previous illness. Operation showed 
a perforation of the colon in the left iliac fossa. It was bound down by adhesions. 
A diverticulum had perforated. There were many others throughout the colon. 
Death in a few hours. 


Case 24 (MurpPHy, 1916).—Male, 53. Ten months ago while in a motor, the 
patient received a heavy jolt. Shortly after, cramps came on, radiating from the left 
lower quadrant to the rectum. The cramps were aggravated by food. Medical 
treatment was begun a month later, and relieved the patient for nine months. Then 
recurrence, after a heavy meal. Constipation. Stools like sheep’s. Mass in left iliac 
fossa. Leucocytosis (11,400). Operation verified the diagnosis of an inflamed 
diverticulum. There were adhesions around, and pus amongst them. The sigmoid 
was indurated and contracted. The mesentery was infiltrated,’ thickened, and short. 
B. coli was isolated from it. 


Case 25 (MEARA, 1914).—-Age and sex not stated. Cited to show that diverticula 
will retain bismuth for forty-eight hours after a meal. A further twenty-four hours 
still showed marked sacculations ; in another twenty-four hours the shadows had 
disappeared. This is instanced to indicate that a long series of plates is needed for 
x-ray diagnosis. 

Case 26 (NICOLAYSEN, 1914).—Female, 36. Pains in the lower abdomen for two 
days; these subsided, but recurred. Again pain, and again subsidence. Then a 
very severe attack, but no pyrexia, and no constipation. A mass was felt per vaginam. 
Laparotomy showed a tumour in the mesentery, due to dense fibrosis of the sigmoid, 
nearly the size of an egg. There was no stenosis of the sigmoid. The mass was 
adherent to the left ovary and tube (recently). Recovery. 


Specimen removed. The mucosa is normal. The tumour consisted of fibrosed 
mesenteric fat close up to the wall of the gut. The microscope revealed diverticula. 
In one section giant cells were found. 


Case 27 (NEUPERT, 1908).—-Female, 23. Patient suddenly experienced severe 
abdominal pain, with vomiting, and later, diarrhoea. Loss of weight. There had 
been an attack of very obstinate constipation once before. A hard nodulated mass 
was felt below the umbilicus the size of an apple; it was movable. Laparotomy 
showed diverticula full of feeces, lying in the large omentum, and connected with the 
transverse colon. Recovery. Later a relapse, with a tumour in the same place. A 
second operation showed several small diverticula in the descending colon and three in 
the cecum. Resection. Recovery. (Fig. 289, 3 black.) 


Case 28 (MorLEY, 1913).—Male, 50. Severe pain in the lower abdomen. Mic- 
turition was painful. Absolute constipation. Vomiting. Symptoms of general 
peritonitis originating in the left iliac fossa. Operation revealed an unusually short 
mesocolon, with perforation of a gangrenous diverticulum on the antimesenteric 
border of the pelvic colon. There were other small ones near by. Adhesions to 
bladder and pelvic colon. Death later. 


Case 29 (PowERS, 1912).—Male, 49, very obese. Had acute appendicitis seven- 
teen years ago. Now has a ‘bilious attack,’ with exquisite tenderness between 
umbilicus and anterior superior spine (see Fig, 289, 4 red). Leucocytosis (26,000). 
Laparotomy shows a gangrenous (diverticular) mass the size of an apple, half way 
along the sigmoid. No stenosis. The mass was excised. Death from pulmonary 
embolism on the seventh day. No peritonitis at autopsy. 


Case 30 (DE. QUERVAIN, 1914).—Male, 69. There had been attacks of colic. 
Present illness that of an ‘acute abdomen.’ Tenderness, slight resistance, and mobile 
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dullness on the’ left side. Laparotomy showed a very thick colon, and a very red 
appendix epiploica, which had not perforated. There was no peritonitis. There 
were very minute diverticula in the upper rectum. Death took place from embolism 
of the pulmonary artery. 


Case 31 (DE QUERVAIN, 1914).—Male, 61. Indigestion for twelve months. In- 
creasing constipation. The case was examined by 2 rays, and it was found possible 
to demonstrate the presence of diverticula thereby (see Fig. 292). There was no 
mechanical obstruction of the colon. Operation confirmed the finding. 


Case 32 (REICHEL, 1913).—Male, 34. Seized with violent pain in the left groin 
while jumping. After this diarrhoea came on, with pyrexia. There was a hard, 
tender mass above the left Poupart’s ligament. Operation revealed numerous diver- 
ticula the size of a hazel nut ; concretions within them. The perforation of three of 
these led to a great thickening of the walls, which were riddled with fistule and 
abscesses. Death later from peritonitis. (Fig. 289, 8 red, ® black.) 


Case 38 (R1IxFrorpD, 1908).—Male, 60. Recurrent attacks of abdominal inflam- 
mation. Death occurred from peritonitis following a dose of castor oil. Examination 
showed that a rectal diverticulum had perforated into the bladder. There was a pelvic 
abscess opening into the peritoneum and bladder, and communicating with the 
rectum via the diverticulum. 


Case 34 (ROBERTS, 1914).—Female, 46. Wasting. Pain in lower abdomen one 
year. Absolute constipation for one week. No tumour felt. The case proved to 
be one of multiple diverticula along the whole large intestine. One of these had 
perforated, producing an abscess cavity which was filled with fsecal matter. There 
were also two in the lower end of the ileum. There was an adenocarcinoma seven 
inches from the anus. 


Case 35 (RISEL, 1913).—Male, 49. Violent pain in the appendix region, begin- 
ning six days before death. Appendicectomy was performed within fourteen hours. 
The operation revealed turbid fluid in the peritoneum, but no pus. The diffuse 
peritonitis was due to gangrene of a diverticulum, with necrosis of the fat of the epiploic 
body and the mesentery near by. There were numerous typical diverticula in the 
sigmoid. The feature of interest is the displacement of the sigmoid by becoming 
adherent horizontally along an old bubo incision, thus reaching over to the right side, 
and hence causing the right-sided symptoms. (Fig, 289, 1° black.) 


Case 36 (SHOEMAKER, 1914).—Female, 63. History of pelvic inflammatory 
attacks. There was a diverticulum in the rectum, and bean-sized indurations along 
the rectum (presumably other diverticula). There were very firm adhesions to the 
broad ligament, the ovaries, and the tubes. 


Case 37 (SHOEMAKER, 1914).—Female, 43, short, muscular, and obese. Came 
with pelvic symptoms, which proved to be due to a blockage of the pelvis by a large 
round firm mass. ‘Wiredrawn stools’ for five years. Operation showed a pus sac 
provided with very thick walls, not lined by mucous membrane. There was a second 
abscess near by. There were adhesions between the uterus and rectum. 


Case 38 (STANTON, 1913).—Male, 30. Previous history was ‘unimportant.’ 
Three attacks of left-sided appendicitis. The last one showed a mass as indicated in 
Fig, 289, 2,4 black, 4 red. It was movable, and tender, but subsided in a few days. 
It returned again, and an operation was decided on. A mass the size of half a lemon 
was found on the middle part of the sigmoid. There were fresh adhesions. Marked 
peridiverticulitis was found. (Edema of the bowel wall was present. The diver- 
ticulum contained a fecal mass the size of a marble. There had never been 
constipation. 


Case 39 (SupEcK, 1914)—Male, 52. Painful flatulence for one year. Six 
months ago a tender mass appeared in the left fossa. There was sugar in the urine, 
and hence an operation was not deemed advisable. X rays showed numerous diverti- 
cula in the sigmoid and ascending colon. Not confirmed by operation. Recovery. 
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Case 40 (SupDECK, 1914).—Male, 60. Signs of stenosis of the sigmoid present. 
There was mucus in the stools, and a trace of blood. Bismuth showed the existence of 
absolute stenosis in the lowest part of the sigmoid. Operation revealed a circum- 
scribed tumour of the flexure, with diverticula near. There were adhesions to the 
bladder. 

This is a case of ‘cancer, with recovery.’ 

Case 41 (Stmmonps, 1911).—Male, 57. Attack of acute intestinal obstruction a 
year ago. A second attack began a fortnight ago. Operation revealed a marked 
stenosis of the sigmoid (thickening of the muscular, serous, and perisigmoid tissue). 
There was no ulceration of the mucosa. There were numerous little pits, but none 
of them had perforated. 

Case 42 (BALL, 1908).—Adult male. Had intermittent fever for some days: 
followed by the appearance of an inflammatory swelling at the root of the penis. 
There was pain during defecation. The case proved to be one of fistula formation 
into the bladder, due to a diverticulum, but the latter had become obliterated by the 
inflammation as in acute appendicitis, and hence there were no bladder symptoms. 
The diverticulum was in the rectum, and it led to a perirectal abscess. It had undergone 
violent gangrenous inflammation. 


Case 43 (CuHuTE, 1911).—Male, 53. Sudden attacks of fever for five or six years. 
There was also bladder discomfort. The urine had been turbid for some years. 
Latterly, pneumaturia. Operation showed the sigmoid adherent to the posterior 
wall of the bladder, well down towards the bottom of the cul-de-sac. The sigmoid 
was thick and indurated, and there was a pocket of pus between it and the bladder. 
Two perforations occurred from the sigmoid into the abscess cavity and one from the 
cavity into the bladder. There was satisfactory recovery. But three months later 
a similar series of symptoms arose, because another diverticulum behaved in the 
same way. This was satisfactorily treated, and in twelve days the same thing hap- 
pened again with another diverticulum. After this death took place. 


Case 44 (CULLEN, 1904).—Female, 60. Had been liable to attacks of pyrexia, 
with slight difficulty in defecation. Vaginal examination showed the uterus slightly 
enlarged, and a globular mass posterior to it, and apparently continuous with it. The 
mass appeared like a myoma. Operation revealed the fact that this was a case of 
rectal diverticula which had ruptured into the surrounding perirectal fat, producing a 
definite inflammatory mass. There was a small abscess between the tumour and 
the pelvic floor. Fig. 291 shows two diverticula opening into the inflamed cellular 
tissue. The small abscess between the tumour and the pelvic floor was due to the 
extension of the inflammatory process to the peritoneum of Douglas’s pouch. The 
diverticula were lined by atrophic mucosa. 


le Case 45 (Kipp, 1907).—Male, 49. Had been ill for about nine weeks with pain 
in the epigastrium and hypogastrium, steadily increasing in severity, but with inter- 
vals of complete freedom. Three days before admission there was difficulty of 
micturition. Pyrexia. Indefinite swelling in rectovesical pouch. Slight cedema 
of rectal mucosa. Urine normal. Incision opened an abscess surrounding the 
sigmoid flexure, which was said to be affected by a carcinomatous ulcer with perfora- 
tion. Death in four hours. 

Autopsy——Omentum adherent to anterior abdominal wall, shutting off upper 
part of abdominal cavity. Mesentery oedematous. Caecum and small intestine 
dilated. Transverse and descending colon contracted. Descending colon passed 
into a hard mass which filled the pelvis and fixed the bladder. Foul pus in the pelvis. 
No gross perforation of the bowel. Sigmoid narrowed for six inches, from much 
thickening of its walls, the increase being almost entirely in the subperitoneal coat, 
which was three-eighths of an inch thick, pale, hyaline, and hard, almost cartilaginous. 
The muscle was thickened, but not the submucous tissue. Mucosa not ulcerated. 
Lymph nodes behind the gut contained ragged cavities full of offensive pus, and 
appeared gangrenous. They were the source of the peritonitis. Microscopic exam- 
ination showed the most change in the subperitoneal coat, which presented a close 
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matting with young fibrille, produced by numerous fibroblasts. Small round cells 
were moderate in number. The picture was one of slowly organizing granulation 
tissue confined almost entirely to the subperitoneal coat of the gut. 


Case 46 (Kipp, 1907).—Male, 57, brought in dead. Well nourished. Caecum 
acutely dilated, its wall cedematous and infiltrated with hemorrhages. The rest of 
the colon as far as the sigmoid was distended. The lower end of the sigmoid was 
firmly bound down amidst a mass of new-formed tissue, which appeared to consist of 
a mixture of fat and firm hyaline tissue. The lumen was considerably narrowed at 
this point. It was considered to be a case of carcinoma of the sigmoid, but subse- 
quent examination showed no sign of ulceration. The chief change was in the sub- 
peritoneal coat, which was nearly three inches thick in places. The thickening was 
produced by new fibrillar tissue and fibroblasts forming bundles between which were 
groups of spindle cells, and chronic inflammatory cells. The mucosa was intact, and 
there was no evidence of carcinoma. 


Case 47 (Kipp, 1907).—Female, 7. Had measles three years ago, followed by 
vaginal discharge due to ulcer. A fecal fistula appeared into the vagina. Opera- 
tions were unsuccessful. A further attempt to close the fistula by first performing 
colostomy, revealed conversion of the sigmoid into a firm indefinite mass about six 
inches long. The subperitoneal fat and appendices epiploicze were greatly thickened, 
and the gut appeared buried in a mass of fat. The whole mass was extremely vas- 
cular. The growth was subsequently cut away as being a cancer. At the site of 
stricture there was a loss of mucosa; elsewhere it appeared healthy. The subperi- 
toneal coat was greatly thickened, and appeared hyaline, and almost cartilaginous. 
Microscopically there was a marked hyperplasia of the connective-tissue elements. 
Tubercle bacilli could not be found. The child improved markedly. 


Case 48 (REICHEL, 1913).—Male, 64. Had an attack of sudden pain in the left 
iliac fossa three years before. Constipation. A fistula developed subsequently. 
There was a hard, tender tumour, which proved to be due to an abscess between the 
sigmoid and bladder. The patient was well a year later. 


Case 49 (WALDVOGEL, 1902).—Male, 35. Long history of difficult urination. 
Signs of fistula about a year before death. 

Necropsy.—Marked stenosis of the sigmoid flexure from inflammatory thickening ; 
above this is a row of deep diverticula. The thickened and stenosed area is adherent 
to the bladder; six openings—two lined by mucous membrane—lead from the gut 
into the tissue intervening between it and the bladder, and two of these enter the 
bladder directly. The gut also communicates with an abscess cavity containing 
feeculent material and a comparatively fresh apple-seed. 


Case 50 (HERCSzEL, 1889).—Male, 48. Irregular bowel action. Five months’ 
symptoms of entero-vesical fistula with passage of air and feces per urethram.  Stric- 
ture of the bowel 12 cm. from the anus; tumour felt in the left iliac fossa. Carci- 
noma of the sigmoid flexure diagnosed ; at operation the bowel was found to be 
adherent to the bladder. Subsequent colotomy and death. 

Necropsy.—Miultiple diverticula containing fzcal matter in the whole of the 
rectum ; one had given rise to fistula ; stenosis of the bowel; small abscess cavity 
outside of it. The fistula was 26 cm. above the anus. 


Cases 51, 52 (RrxForD, 1904).—Epiploic inflammation. Inflammation of appen- 
dices epiploice due to infection conveyed from neighbouring false diverticula. The 
inflamed appendices were palpable as tumours (one of the size of a walnut and one of 
the size of a hen’s egg) and were removed. 


Case 53 (SYDNEY JONES, 1858).—Male, 64. Began to pass feces and straw-like 
bodies in the urine for ten months before death. At the necropsy the sigmoid flexure 
was somewhat contracted and presented a large number of diverticula of unequal 
length. One had ulcerated at its extremity and had given rise to an abscess outside 
the gut opening into the bladder ; in this there was a fecal calculus of the size of a 
horse-bean. 
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Case 54 (SCHREIBER, 1902).—Male, 37. Stout; alcoholic. Six months’ abdo- 
minal pain ; loose stools. 

Necropsy.—Multiple diverticula (20) of the sigmoid flexure, in two vertical rows ; 
one had perforated. Bowel somewhat thickened and mucosa of the sacs necrotic ; 
contained fecal concretions. Some fibrosis of the mesosigmoid. 


Case 55 (MERTENS).—Male, 45. Eight days’ pain in the lower abdomen, with 
constipation. As a result of straining at stool evidence of perforative peritonitis. 
Origin not located at the operation ; but at necropsy found to be due to a perforation 
of false diverticulum of the lower end of the sigmoid flexure. 


Case 56 (ROTTER, 1899).—Male, 58. Tumour; abscess; stenosis. Diagnosis : 
carcinoma of the cecum. Rumblings and pain in the cecal region, with alternate 
diarrhoea and constipation for some time. Obstruction for nine days.: In the ileo- 
cecal region a large tumour of the size of a child’s head ; fixed, solid, irregular. 

Operation.—The sigmoid flexure found to be adherent to the right side of the 
sacrum ; ileosigmoid anastomosis. Tumour was formed by sigmoid flexure (20 cm.) 
and its mesentery, in which is an abscess. Great thickening of gut with stenosis. 
Numerous diverticula ; six enter abscess cavity. 


Case 57 (RoTTER, 1897).—Male, 53. Stenosis; sigmo-ileic fistula. Symptoms 
of obstruction for six months. No previous constipation. Operation as for peri- 
typhlitis ; artificial anus at end of ileum. 

Necropsy.—In the upper rectum a stricture 4 cm. long and 3 cm. thick, allowing 
a lead pencil through. Mucosa healthy, but above the stenosis it was rugose, with 
several fine openings leading to fistulous tracts ; these were narrow and communicated 
with the lumen of the gut and with a small abscess cavity ; this was adherent to the 
vermiform appendix and was in fistulous communication with loop of small gut. 
Condition regarded as secondary to a former appendical abscess. 


Case 58 (Str=RLIN).—Aged female. Multiple diverticula above a stenosing car- 
cinoma of the sigmoid flexure. This case is interesting from its association with 
earcinoma. (Fig. 289, 11 red.) 


Case 59 (W. J. Mayo, 1905).—Female, 65. Stenosis; tumour (diagnosed as 
ovarian). Chronic constipation with attacks of pain in the lower abdomen for some 
time. Mass low down in the left side of the pelvis. At operation found to be the 
sigmoid flexure, eight inches of which were resected ; thought to be carcinomatous. 
High-grade stenosis of sigmoid flexure due to a fat-containing inflammatory mass in 
subserosa round numerous thin-walled diverticula. (Fig. 287.) 


Case 60 (FIEDLER, 1868).—Female, 22. Nutrition good ; chronic constipation. 
Abdominal pain, distention, and tenderness ; maximal in the sigmoid region ; diar- 
rhea. Large abscess in left iliac region extending to the right of the pelvis ; numerous 
perforations due to diverticula, leading from the colon and especially from the sigmoid 
flexure. Some only ulcerated and contained fecal masses. Adhesion to neighbouring 
coils. (Figs, 275 and 276.) 


Case 61 (STrerRLIn 1902).—Male, ;71; stout. Incarcerated inguinal hernia. 
At the operation, suppuration in the sac from perforation of a diverticulum of the 
incarcerated piece of sigmoid flexure; the bowel was much thickened, with an 
infiltration of the subserous fat sheets. Regarded as carcinomatous and resected. 
Sudden death in fifteen days from cardiac degeneration. 


Case 62 (MACKIE WuyTE, 1906).—Male, 65. Alcoholic; stout; four weeks’ 
illness with rigors and pyrexia. A limited necropsy revealed multiple abscesses of 
the liver; no pylephlebitis. In the wall of the sigmoid flexure was a cavity of the 
size of a thrush’s egg, with smooth lining, communicating with the lumen of the 
bowel; the cavity was a diverticulum, and the inflammation was due to a: fecal 
concretion. There were numerous diverticula in the neighbourhood, mostly near 
the mesenteric attachment, but there was a row on the opposite side. Two or three 
of the size of a pea or bean contained feces. 
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Case 63 (HOCHENEGG, 1902).—The patient, age 70, had suffered from constipa- 
tion. A carcinoma of the sigmoid flexure was resected ; the flexure showed for a 
great distance numerous cherry-sized diverticula, filled with somewhat hard, plastic 
fecal matter. The carcinoma was regarded as resulting from the chronic irritation 
and ulceration of the diverticula due to the retained feces. 


Case 64 (G. W. Watson, 1907, quoted by TELLING, 1908).— Female, 60. Body 
stout. No previous history. Left pyonephrosis. In the pelvis a fecal concretion 
of the size of a small bean, lying free. Another concretion of similar size and shape 
attached to the sigmoid flexure by a filamentous band about three-quarters of an 
inch long (Fig. 284). 

Case 65 (Kocu, 1903).—Male, 64. Chronic bronchitis. For one year con- 
stipation and abdominal pain, with much mucus and blood in stools. A tender 
movable tumour in the left iliac fossa. Diagnosis: stenosis from cancer. 

Operation.—Colotomy. Death from peritonitis. Twenty diverticula of the 
sigmoid flexure, two entering an abscess cavity adherent to the bladder. Stenosis 
of the gut ; chronic sigmoid mesenteritis. No venous stagnation. 


Case 66 (BLAND-SUTTON, 1903).—Female, 60. Chronic intestinal obstruction ; 
mobile tender lump in the left iliac fossa ; loose stools. Diagnosis : carcinoma. 

Operation.—A hard oval body in the sigmoid flexure. The adjacent walls of 
gut were much infiltrated and regarded as carcinomatous ; resection. The oval 
body was found to be a thickened epiploic appendage containing a foreign body (straw) 
and communicating with the lumen of the gut by a narrow channel (Fig. 271). 


Case 67 (BLAND-SuTTON, 1903).—Male, 40. Acute pain, swelling, and tender- 
ness in the left iliac region, suggesting appendicitis with transposed viscera. At the 
operation there was an inflamed diverticulum on the descending colon. This entered 
an epiploic appendage and contained feces and a foreign body. Resection of the 
appendage ; recovery. 

Case 68 (GrorG1, 1901).— Male, 64. For some years alternate constipation 
and diarrhoea. . In the left lower abdomen an ill-defined immobile tumour; dia- 
gnosed as carcinoma. At the operation the tumour was deemed to be inoperable 
because of adhesions. Death from peritonitis following straining at stool. 

Necropsy.—In the lower half of the sigmoid flexure a stricture 3 cm. long was 
discovered. Above and below the stenosis were several diverticula admitting the 
tips of the little fingers ; one of these entered an abscess cavity (5 by 2 cm.) between 
the muscularis and the much-thickened serosa. This communicated with several 
smaller diverticula, so that the strongly thickened serosa in its whole extent was 
undermined by fistulous tracts and abscesses. One of these had perforated, giving 
rise to acute general peritonitis. 


Case 69 (Guy’s HosprraL Museum, No. 945).—Male, 65. Vesico-sigmoid fistula. 
Admitted for passage of wind (twelve years) and feces (six weeks) from the urethra. 
Colotomy ; death in three days. The patient had been in the tropics but had not 
had dysentery. 

Necropsy.—Signs of former ulceration were observed six inches from the anus, 
but none higher up. Description in catalogue: *‘ Much thickened sigmoid which is 
contracted to some extent; unduly rugose but practically normal mucosa. There 
is a very chronic perisigmoiditis and a large mass of inflammatory tissue between it 
and the bladder; a small fistulous communication exists between them.” This is 
an instructive and typical specimen: the thickened, stenosed, and rugose bowel, 
with two inches of inflammatory thickening between the bladder and the bowel. 
Into this can be seen extending in two or three places diverticular passages, cut more 
or less obliquely across, and lined with smooth mucous membrane. Beneath the 
rug, and not obvious until searched for with a probe, are the small orifices of many 
diverticula half an inch or more in depth. The fistula is a tortuous passage com- 
municating with a small nut-sized abscess cavity. 


Case 70 (1907).—Male, 54. Well nourished. No constipation. Chronic obstruc- 
tion of the small intestine by adhesion to the sigmoid flexure. Illness began December, 
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1905, with sudden abdominal pain, rigor, and vomiting several times. Diarrhoea for 
three days. Afterwards colicky pains at intervals. Steady loss of weight. At 
Easter, 1907, he had another attack of vomiting with rigor and pain in the lower 
abdomen. On July 19 another attack of abdominal pain was experienced, but no 
vomiting. On July 26 there was marked distention in the right iliac region ; when 
an attack of colic was experienced this tumour became as large as a child’s head and 
there were peristaltic movements to be observed over it. No solid tumour was to be 
made out. <A diagnosis of chronic intestinal obstruction, possibly of the small gut, 
was made; carcinoma was not thought probable owing to the length of history 
(twenty months) and the absence of the general appearance of cancerous cachexia. 
He was operated on the same day. 

Operation.—The small intestine was obstructed by adhesion to a mass in the 
left side of the pelvis, and this mass was found to be the lower part of the sigmoid 
flexure. It was thought to be malignant, and owing to the extensive adhesion removal 
was deemed impossible. Lateral anastomosis was performed. Death took place on 
Aug. 2 from general peritonitis, due to stercoral ulceration. 

Necropsy.—The lower two-thirds of the sigmoid flexure presented numerous 
small diverticula, arranged mostly in two lateral rows. Some contained fecal 
material. There was chronic inflammatory perisigmoiditis, the lowest three or foui 
inches of the gut having a wall half an inch thick. Some narrowing of the lumen 
existed, but no real obstruction. There was marked adhesion to the wall of the 
pelvis. On separating this a small abscess cavity was found into which at least one 
of the diverticula led directly. There was strong adhesion to the bladder, and 
between it and the bowel a ‘double’ abscess cavity existed, with a similar communica- 
tion with the bowel. There was much general matting of the parts around, whereby 
a loop of small intestine had become adherent and partial chronic obstruction had 
been caused by stenosis due to the inflammatory exudate. The small gut above the 
obstruction showed much thickening of its walls from muscular hypertrophy. There 
was some dilatation ; below, the walls and lumen were normal. The mucous mem- 
brane of the diseased sigmoid flexure was normal, except for marked rugosity with a 
tendency to polyposis of the folds of the mucous membrane. Many of the diverticula 
were concealed beneath these folds. The orifices were small in the thickened area 
(Fig. 286). 

Case 71 (GRASER, 1898).—Symptoms and diagnosis of carcinoma of the sigmoid 
flexure. Stenosis of the sigmoid flexure 5 cm. in extent, with much thickened walls. 
Adherent to the bladder. Thirty-five diverticula present in the stenosed area, as 
well as others above and below the stenosis. 


Case 72 (MoyYNIHAN, 1906).— Male, 52. Chronic constipation. Symptoms of 
chronic duodenal ulcer. Recurrent intestinal obstruction, complete on third attack, led 
to supplementary diagnosis of carcinoma of the large bowel. A mass felt in the 
sigmoid flexure adherent to coils of intestine and the abdominal wall; five inches 
excised. Great thickening (one and a half inches) of a piece of gut due to cicatricial 
connective tissue causing stenosis. The mucous membrane was intact but showed 
numerous diverticula (Fig. 285). 


Case 73 (W. J. Mayo, 1906).—Female, 52. Chronic constipation and obstruc- 
tion. Periodic attacks of pain in the lower bowel for five or six months. A left- 
sided pelvic tumour; operation for chronic obstruction. Death 18 days after from 
general peritonitis. Resected sigmoid flexure 17 cm. long and 6 em. thick. Thicken- 
ing of the sigmoid flexure due to chronic inflammation from the presence of numerous 
diverticula. Many contained enteroliths ; none showed inflammation within the sac. 


Case 74 (Loomis, 1870).—Male, 61. Well nourished; constipated. In the 
sigmoid flexure and the descending colon were multiple diverticula filled with fecal 
matter. They were much thinned out but had not perforated ; nevertheless, there 
had resulted general peritonitis. 


Case 75 (Str Erasmus WILSON, 1884, No. 2455D, Roya COLLEGE OF SURGEONS’ 
MusEvumM).—Portion of the colon with dilated haustra; upon these are numerous 
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diverticula varying in size from one-third to three-eighths of an inch in diameter. 
They contain fecal concretions. 


Case 76 (SCHREIBER, 1902).—Male, 67. Stout. Chronic bronchitis. Carcinoma 
of pylorus and liver. About 60 diverticula from the splenic flexure to the sigmoid 
flexure, where they are much more numerous and at the end of which they stop 
abruptly ; reach the size of a cherry in places. Most are near the attachment of the 
mesosigmoid ; some into the appendices epiploice, some elsewhere. 


Case 77 (EDEL, 1894).—Female, 73. Chronic constipation; fair nutrition ; 
arteriosclerosis. Seven diverticula in the jejunum, containing feces. Many in the 
whole extent of the large intestine ; most numerous in the sigmoid flexure. Mostly 
at the mesenteric attachment, but some on the free surface. All enter the appendices 
epiploice and contain feces. 


Case 78 (WALLMANN, 1858).—Male, 69. Two diverticula in the sigmoid flexure, 
three in the descending colon, three in the transverse colon, one in the ascending 
colon, and seven on the convex surface of the bowel. 


Case 79 (FiscHER, 1900).—Male, 40. Chronic passive congestion in cardio- 
vascular disease. Twenty-five diverticula in the rectum. 


Case 80 (HANSEMANN).—Male, 85. Always thin; no constipation. Death 
from pneumonia. Four hundred diverticula: in the jejunum and upper ileum (where 
empty); in the transverse colon to the sigmoid flexure (most numerous in the latter), 
containing fecal lumps. Situated chiefly on the mesenteric border, but some at the 
sides entering the appendices epiploice. 


Case 81 (G. W. Watson, 1907, quoted by TELLING, 1908).—Male, 65. Death 
from ruptured aortic valve. The whole sigmoid flexure is fatty and presents marked 
dilatation and sacculation of its normal haustra; in addition there are numerous 
diverticula which in most cases enter the appendices epiploice. The pouching 
stops abruptly at the commencement of the rectum. The sacculation and diverticula 
are filled with hard fecal masses ; the mucosa is normal. Some of the diverticula 
present small orifices at the bottom of the dilated haustra; in some cases the 
haustra themselves diminish gradually and end as diverticula entering an appendix 
epiploica. There are certainly two distinct conditions: (1) Sacculation of the 
haustra ; and (2) Diverticulum-formation. Externally many of the appendages 
present inflammatory changes ; some are adherent one to the other (in one case 
forming a ‘ring’); in one there is a hard, cherry-sized feecal concretion, inflamma- 
tion around which has led to obliteration of the orifice of the diverticulum and to 
the formation of a pedicle—that is, the first stage in the process of detachment and 
the formation of a free body in the peritoneum. 


Case 82 (1906).—Female, 73. Death from strangulated femoral hernia. Obese. 
Much fat on the large gut; the last three feet of the descending colon and sigmoid 
flexure present numerous diverticula, arranged for the most part in two rows, enter- 
ing the fatty appendices epiploice. But some are at the sides of the appendages or 
into the mesosigmoid ; thus there may be several diverticula at the same level. 
They cease abruptly at the commencement of the rectum. The orifices are much 
smaller than the pouches and are somewhat ‘lipped’ by mucous membrane ; this latter 
is unduly rugose but otherwise normal. The diverticula are most numerous and largest 
in the lower twelve inches of the sigmoid flexure ; in places they appear ‘bunched’ 
together (when the appendical fat is removed) like clusters of currants, which is the 
prevailing size, though both smaller and larger are found. They contain feces. 
Where most thickly placed the gut wall is thickened and there is some narrowing of 
its lumen (Figs. 269, 270). 


Case 83. (MOYNIHAN, 1901).—Male, 55. Acute obstruction of the small intestine 
by adhesion to the sigmoid flexure. Admitted with five days’ history of abdominal 
pain, vomiting, and constipation. Moderate abdominal distention, with peristalsis 
due to distended coils of small intestine. At the operation the small intestine, some 
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distance above the ileoceeal valve, was found to be obstructed by an adhesion in the 
pelvis ; the nature of this was not determined, but the adhesions were separated. 
Double enterotomy was performed, and the intestinal contents were evacuated. 
Death in five days from general peritonitis. 


Necropsy.—General suppurative peritonitis ; the coils of intestines above the 
obstruction were gangrenous. There was much thickening of the bowel, commencing 
four inches from the anus and extending upwards for about five inches ; the thicken- 
ing lessened from below upwards. There was considerable periproctitis and higher 
up peri- and meso-sigmoiditis, with adhesion to the pelvic walls. In the sigmoid 
flexure were numerous diverticula arranged in two rows and mostly entering the 
appendices epiploice ; they varied from pea- to nut-size; they contained feces, 
and in the lower part of the sigmoid flexure were mostly ulcerated inside. Several 
had perforated and led into small abscess cavities which were in the midst of the 
inflammatory thickening above noted and had evidently given rise to it. The inflam- 
matory changes in the diverticula had led to strong adhesion to a loop of small 
intestine, and this had thereby become kinked, leading to the acute obstruction. 


Case 84 (Guy’s HospiraL Museum, No. 1071).—Male, 51. Strangulation by 
band. Admitted for anal fistula. Acute intestinal obstruction occurred after the 
administration of an enema. At the necropsy two appendices epiploice of the 
sigmoid flexure were found to be adherent to the mesentery of the ileum just above 
the cecum. This adhesion formed a band below which was strangled a loop of ileum 
eight feet in length. On examining the specimen its diverticular origin is apparent. 
A diverticular sac leads into one of the adherent appendices. Below the aperture of 
this are two other diverticula, one of which has a depth of half an inch into another 
epiploic appendage. There are also some thickening and narrowing of the gut. 


Case 85 (JAMIESON, quoted by TELLING, 1908).—Male, 76. Well nourished. 
Death from chronic bronchitis. Adhesion of omentum to rectovesical pouch. Lowest 
ten inches of the sigmoid flexure presents two rows of diverticula entering the 
appendices epiploice for the most part and containing a little fecal material. Two 
inches from the lower end of the sigmoid flexure is a polypus of the size of a cherry, 
and there is a marked hypertrophy of the longitudinal muscle bands, increasing from 
above downwards to the point of attachment of the polypus, where the hyper- 
trophy abruptly ceases. There are a few diverticula below the polypus ; they cease 
at the commencement of the rectum. 


Case 86 (MovurRrE et Dressout, 1909).—Male, 70. Was seized suddenly with very 
violent abdominal pain (Fig. 289, 3 red), pyrexia, rapid pulse, and_ respiration. 
Proved to be an acute perforating sigmoiditis. Histological examination proved its 
origin in a diverticulum. 


Case 87 (MumMMERyY, 1910).—Female, 38. Developed sudden severe pain ten 
days before while at work. At the end of a week the pain was extreme, and pyrexia 
and rapid pulse were present. A mass was felt as in Fig. 289, 1 black. There was 
marked leucocytosis. An abscess was found extending backwards to the posterior 
abdominal wall, and along the inner side of the descending colon. Recovery. 


Case 88 (STANTON, 1913).—Male, 48. Was taken ill with nausea and vomiting 
and slight pyrexia. There was a tender area as shown in Fig. 289, and a large tender 
movable mass, the size of an egg, as shown at 2 black and 2 red. The condition 
gradually disappeared without operation. 


Case 89 (Soutrrar, 1914).—Female, 59. Was seized with sudden abdominal 
pain. There was extreme deep tenderness over the whole right side (Fig. 289. 12 red), 
with a mass to be felt in the right iliac fossa. There was a perforation of a diver- 
ticulum of the ascending colon. 


Case 90 (DUNN and Woo LLEy, 1911).—Male, 45. Recurrent attacks simulating 
appendicitis, but on left side. Leucocytosis. Indicanuria. Tenderness as in 
Fig. 289, 1 and 4 red. Proved to be an abscess under the sigmoid, due to chronic 
perforative diverticulitis. Fatal. 
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Case 91 (EISENBERG, 1914).—Male, 45. Attacks like renal colic. Mass and 
tenderness as in Fig. 289, 5 red. Operation revealed a very adherent tumour 
produced by thickening of the sigmoid, with four diverticula embedded in the wall. 


Case 92 (HARTWELL, 1910).—Male, 42. Had signs of acute obstruction. There 
was a tender mass as in Fig. 289, 6 red. Operation showed a walled-off abscess 
outside the sigmoid, arising from a perforation of a diverticulum. The walls of 
the sigmoid, and the mesentery, were much thickened, but there was no stenosis of 
the lumen of the gut. 


Se 
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REMARKS ON THE EFFECTS UPON THE HEART AND 
GENERAL CIRCULATION WHICH FOLLOW WOUNDS OF 
THE BLOOD-VESSELS, AND ON THE VARIATIONS IN THE 
LOCAL PHYSICAL SIGNS PRESENT AT THE SITE OF THE 

INJURIES. : : 


By SURGEON-GENERAL Sir G. H. MAKINS, K.C.M.G., C.B. 


Consulting Surgeon to the Forces. 


In a previous paper on the vascular lesions produced by gunshot injury,! 
and in an earlier work,? the question of the effects of the local injury to the 
arteries upon the general circulation was shortly dealt with. Later observation 
of a large number of injuries of this nature has allowed the accumulation 
of a number of facts, both with regard to the heart and the blood-vessels, 
which appear to warrant a further communication on the subject. 


The apparent enlargement and excited action of the heart commonly 
accompanying wounds of the blood-vessels may be first dealt with, and an 
attempt made to account for the occurrence of the phenomena. These signs 
are fairly constant in the early stages following the injury; but they vary in 
degree and mutual relationship, and both tend to subside with rest in the 
recumbent position and the development of the gradual compensation which 
follows when the arterial wound has remained patent for some time. 

Enlargement of the heart has been estimated by the rough method of 
digital palpation for the apex beat. In a large proportion of cases of injury 
to the larger vessels this will be found in the nipple line, occasionally consider- 
ably to the left of it, and sometimes raised beyond the normal level. It may 
be at once allowed that the subjects of these injuries are soldiers on active 
service performing duties of a strenuous nature, in whom a certain degree of 
cardiac enlargement might be expected independently of any lesion of the 
arterial system. There does not, however, appear to be any evidence to the 
effect that such a condition is common enough to be regarded as general, and 
in fact a normal position of the apex of the heart and a normal pulse may be 
met with even when a false aneurysm of considerable size is present. 

Hence it is clear that the individual factor has to be reckoned with, while, 
in addition, certain conditions liable to be accompanied by both cardiac 
dilatation and increased rapidity of action have also been present in some of 
the most striking instances met with in connection with arterial wounds. 
These conditions are: anemia due to previous copious external hemorrhage ; 
a varying degree of toxemia in connection with serious local infection of the 
wound ; and the presence of a large quantity of extravasated blood or blood 
clot lying free in the tissues. Little needs to be said regarding the first two 
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of these factors; but the third merits a passing notice as a good example 
of the stimulus afforded by a non-infected blood effusion in ptovoking a 
general constitutional as well as a local reaction. No better example can be 
chosen to illustrate the efforts of the system to rid the tissues of blood in an 
abnormal situation. A rise in temperature and increase in the pulse-rate 
accompanies a free effusion of serum and migration of leucocytes into the 
tissues enclosing the blood. The general and local reactions resemble exactly 
those which occur in the event of a local infection; while when the clot is 
large and remains for some time, the fixed tissue elements combine in the 
formation of definite cicatricial surroundings. 

Allowing full weight to the influence of these general factors, the impor- 
tance of a further one, dependent on the wound. of the artery itself, must be 
recognized ; it is this factor, present in a varying degree in all arterial wounds, 
which is, I believe, responsible for the cardiac conditions with which we are 
concerned. No doubt can exist that a simple defect in the arterial wall, in 
communication with a lateral chamber in which the blood is constantly circu- 
lating, demands increased cardiac effort to maintain the flow of blood. This 
effort must be the greater, since the circulation of the blood through the cavity 
does not receive the normal aid afforded by the elastic wall of the blood-vessel, 
and the blood contained within the cavity is not controlled by the proper vaso- 
motor mechanism, while meanwhile the imperfectly supplied distal portion of 
the body calls for its normal supply. 

The call on the cardiac muscle is probably even greater during the period 
in which a simple arterial hematoma—that is, a pool of fluid blood in direct 
continuity with the arterial blood stream—is still present. Following the 
ordinary physical law, this large collection of blood will be maintained at a 
pressure equal to that of the general circulation, and the force for this extra 
duty must be furnished by the heart, the local resistance offered being merely 
that of the surrounding tissues of the limb, in place of the highly regulated 
support of the arterial wall. 

When an arterio-venous communication has been established, the 
obstruction to and disturbance of the circulation is still more serious. Under 
these circumstances, the arterial flow diverted from its normal course is driven 
into and disturbs the slower reverse current in the vein. The walls of the 
vein, as a result of the increased intravascular pressure to which they are 
subjected, stretch, and thus a great bay is formed in which a swirling eddy 
is established. In this way obstruction is offered to the current in the distal 
segment of the vein, while a varying proportion of the arterial blood destined 
to the supply of the distal portion of the body passes directly backward to 
the heart. 

The frequency with which gangrene has followed the application of a 
simple proximal ligature to the femoral artery in cases of arterio-venous 
aneurysm in the lower limb, affords striking experimental proof of the inter- 
ference with the peripheral circulation of the limb which is attendant on this 
form of aneurysm. While the abnormal communication is left undisturbed, 
a sufficient blood-supply is usually maintained, as a result of the development 
of the collateral circulation, to conserve the actual vitality of the limb, even 
although the nutrition is lowered ; but if the chief supply and central pressure 
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be cut off by the application of a proximal ligature, the distal end of the 
wounded artery, now mainly fed by its collaterals, bleeds slowly backwards 
into the venous channel, and the main advantage of the collateral supply is 
destroyed. 

That an arterial leak acts practically as an actual obstruction to the 
circulation appears obvious from the immediate fall in the distal. blood- 
pressure wnich takes place. This fall coincides for a prolonged period with 
that observed when the main artery supplying a limb is occluded by the 
application of a ligature. Thus, in 23 cases included in the appended table 
(Table I), the average difference in the peripheral blood-pressure between 
the normal and the injured limb amounted to 21-4 mm. ci mercury when 
tested by a manometer. 

The amount of fall, in the case of an untreated aneurysm, is probably 
decreased with time and the development of the collateral circulation ; thus, 
in a case of aneurysmal varix of the superficial femoral of seven months’ 
standing, the pressure had risen to nearly normal, again falling after an 
operation for the cure of the condition. Few opportunities have been 
afforded for the examination of patients in whom arteries have been 
ligatured some time previously; but in two patients in whom the brachial 
and axillary artery respectively had been. ligatured eight and five months 
before examination, the distal pressure was 25 mm. and 57 mm. below that 
of the normal limbs. Moreover, the limbs, although in apparently good 
condition, were found to be an inch smaller in circumference than the uninjured 
ones. In both patients the radial pulse was notably diminished in volume. 
The presumption, on this small amount of evidence, is to the effect that 
compensation is more likely to occur if the aneurysm remains untreated, than 
after ligature of the artery. Some support to the belief that an obstruction 
in the arterial circulation throws increased strain on the central organs is 
afforded by the experience of the frequency with which the operation of 
ligature of an artery for the cure of a spontaneous aneurysm in the limbs is 
followed by the development of one in the thorax. The observation that the 
fall in the distal blood-pressure following the formation of a traumatic aneurysm 
is not necessarily permanent, is of importance in relation to the fact that 
the immediate dilatation and increased frequency of the heart’s action follow- 
ing wounds of the vessels are also temporary conditions. 

The comparative estimations of the general blood-pressure and that of 
the limb on the distal side of the aneurysm, contained in the accompanying 
table, have raised another disturbing problem. It is stated by Sir W. Osler? 
that “ the blood-pressure is heightened on the proximal and lowered on the 
distal side of the lesion.”” This is what might be expected, especially in view 
of the general cardiac and circulatory disturbance in the early stage following 
the injury. But it is not borne out by the observations here recorded, for the 
general blood-pressure has not been found to rise above the mean proper to 
normal healthy young men. This may be due in part to the fact that all 
the patients examined ‘had lain in the recumbent position for some days, 
a factor which may also be called upon to explain the absence of precordial 
distress and rapid respiration ; but the explanation does net seem altogether 
satisfying. 
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With regard to the evidence of cardiac dilatation afforded by determina- 
tion of the position of the apex, it will be seen from the appended table (Table 
II) of 37 cases in which cardiac murmurs accompanied the presence of an 
aneurysm, that in 24 the apex was in the nipple line, in 4 within that line, 
and in 9 it was from half an inch to two and a half inches outside. In the 
majority of instances the vertical level tended to be raised, often into the 
fourth interspace. 

Radiographic examinations have been made in but few cases, mainly 
because of the necessity of keeping patients with these injuries quiet during 


Fig. 293.-Case 36, Table IJ. Wound of popliteal vessels. Position of heart 
during inspiration. (Skiagram by Capt. Stone.) 


the early stages of treatment. The illustrations (Figs. 293, 294, 295, 296) 
are, however, highly interesting. Figs. 293 and 294 depict the size and 
position of the heart in inspiration and expiration respectively. They were 
taken from a patient with a popliteal varix of four days’ standing, in whom 
the position of the apex had been determined by palpation as being in the 
nipple line. It will be observed that this position during expiration is more 
than confirmed, while during inspiration, except for a slightly increased extent 
of the shadow to the right of the sternum, nothing abnormal is to be observed. 
In the investigation of another case, it was pointed out to me by Captain 
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McIlwaine that an exactly similar condition had been observed by him in a 
certain number of the patients sent to the base with the service diagnosis 
‘disorderly action of the heart.’ Figs. 295 and 296 were taken from such ‘a 
case by Captain Crymble, and the striking resemblance of the two sets of 
skiagrams is obvious. 

Captain McIlwaine further kindly undertook the cardiographic investiga- 
tion of four patients suffering from wounds of the vessels, and furnished me 
with the following brief reports of the cases. 





Fic. 294.—Same case as Fig. 293. Position of heart during expiration. 
(Skiagram by Capt. Stone.) 


Case 13, Table II.—¥emoral Arterial Aneurysm. 

Wounded, July 5, 1916. Examined, July 18. There was marked pulsation 
visible in the 3rd and 4th interspaces. The beat of the heart was forcible and diffuse, 
not heaving. The apex beat was felt in the 4th and 5th spaces just outside the 
nipple line. No murmurs were present. The electrocardiogram was normal, showing 
no right or left ventricular preponderance. General blood-pressure : systolic, 140 ; 
diastolic, 75. 


Case 21, Table II].—Femoral Arterio-venous Aneurysm. 
Wounded, Aug. 15, 1916. Examined, Sept. 3. Visible pulsation was present. 
The apex beat was in the 4th space just round the nipple. It was forcible, but not 
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heaving. A systolic murmur was present at the apex and in the pulmonary area 
The apical murmur was not conducted towards the axilla; it was modified by 
respiration. Blood-pressure : systolic, 120; diastolic, 60. The electrocardiogram 
showed no evidence of any ventricular preponderance. 


Case 5, Table II] —F¥emoral Arterio-venous Aneurysm. 

Wounded, June 5, 1916. Examined, Sept. 12. The apex was in the 5th 
space half an inch inside the nipple line. Over the prcordia there was a forcible 
beat, not heaving. -This pulsation was visible. There was a well-marked systolic 
murmur at the apex, not conducted outwards. There was also a systolic murmur at 
both areas at base, the aortic area murmur being the louder, and a loud aortic second 


Fic. 295.—Case of ‘disorderly action of the heart.’ Position of heart during 
inspiration. (Skiagram by Capt. Crymble.) 


sound. Blood-pressure : systolic, 155; diastolic, 70. The electrocardiogram showed 
no definite evidence of any ventricular preponderance. The heart did not appear 
enlarged in the skiagram taken. 


Case 34, Table II.--Femoral Arterial Aneurysm. 

Wounded, Sept. 27, 1916. Examined, Oct. 9. There was a visible wave of 
pulsation over the 3rd and 4th spaces. The apex beat was in the 4th space just 
inside the nipple line. A deep inspiration caused the beat at this point to disappear, 
and the most forcible beat appeared in the 5th space half an inch inside the nipple 
line. There was an apical and basal systolic murmur, modified by respiration, best 
heard during expiration. The skiagram showed that the cardiac shadow was 
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markedly altered by respiration, being pear-shaped in deep inspiration and a flat- 
tened lateral oblong in expiration. There was no evidence in the electrocardiogram 
of any ventricular preponderance. Blood-pressure: systolic, 122; diastolic, 60. 
There was a loud knock in the artery. 


These observations seem opposed to the ‘view that actual dilatation of 
the heart was present. In fact they rather suggest that a want of tone in 
the heart muscle—and hence a condition favourable to an exaggeration of the 
changes of shape of the organ accompanying the respiratory movements— 
accounts for the outward displacement of the cardiac apex. It may, however, 











Fic. 296.—Same case as Fig. 295. Position of heart during expiration. 
(Skiagram by Capt. Crymble.) 


be pointed out that in none of the cases subjected to either cardiographic or 
radiographic examination was the palpable displacement of the apex very 
great. It is, moreover, a striking fact that the cardiac conditions so nearly 
resemble those met with in some of the unwounded men sent down from the 
front with the diagnosis ‘disorderly action of the heart.’ Yet it does not 
seem reasonable to assume that the subjects of arterial wounds in whom such 
signs are so frequently present were already suffering from ‘disorderly action 
of the heart’ when they received their wound ; but rather, that the vascular 
injury has led to the development of the condition. 
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Finally, it may be remarked that the patients in whom these cardiac 
disturbances have been present have not suffered from precordial distress, 
rapid respiration, or any pain. On inspection, the apex beat has been 
observed to be displaced and abnormally visible, while diffuse pulsation 
is frequently apparent over the whole precordial area. Acceleration of the 
pulse is a constant sign, the rate varying from 80 to 120, with a mean average 
of about 100. An irritable character is common, and in some cases the 
‘knocking’ type, more freely discussed below, is found. These symptoms, 
whiie not constant, are extremely common in connection with arterial wounds, 
although their prominence does not always coincide with the importance of 
the vessel implicated. Without doubt cardiac idiosyncrasy, temperament, 
and perhaps indulgence in tobacco may be contributory causes, and the 
phenomena are certainly in part dependent on loss of blood. It may be well 
to emphasize alse that they have been observed during the first few weeks 
after reception of the injuries, and tend to diminish with time. With all these 
reservations, however, definite evidence exists to support the statement that 
both excited cardiac action and dilatation follow and result from wounds of the 
arteries and the formation of false aneurysms. 


What is known as to the ultimate course of arterio-venous aneurysms 
and varices tends to support the view that extra strain is thrown upon the 
heart by their formation, and that subsequent changes take place in the peri- 
pheral circulation. Sir W. Osler, in the paper already referred to,4 while 
pointing out that the changes may not be so great in the case of vessels of the 
upper as in those of the lower limb, says, ‘“‘ In the majority of cases venous 
stasis forms the most serious sequel of the disorder. The changes in the 
arteries on the proximal side of the lesion are less striking, but sooner or later 
sclerosis occurs with dilatation, and sometimes with saccular aneurysm 
opposite the orifice of the communication. Even within two months of the 
injury the femoral artery may be felt to be larger and with stronger pulsation 
(Paignton case).”” Observation, during the course of operations, of the 
exposed vessels in a number of recent cases in the present war, has not im- 
pressed me with the occurrence of early proximal dilatation ; on the other 
hand, distal contraction has been a constant feature, either in pure arterial 
injuries or in arterio-venous lesions, as will be referred to below. It is obvious, 
however, that in the early stages, during which the patient is kept at rest in 
the recumbent position, any considerable arterial dilatation is unlikely to 
develop. It is of much interest, in view of the early cardiac conditions above 
dealt with, to quote again from Sir W. Osler; he says, “‘ One of my patients 
died from heart disease, which may have had some connection with his long- 
standing lesion.”” Again, “In the case of Captain Mosher,® wounded in the 
middle of Scarpa’s space in 1898, at the time of death, in 1911, the dilated 
arteries extended from the bifurcation of the common iliac to the lower third 
of the thigh. Hypertrophy of the heart followed, and death from progressive 
failure of the circulation.” 


Cardiac Murmurs.-—A second matter of interest, which has apparently 
escaped previous recognition, lies in the frequent transmission of the local 
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aneurysmal bruit to the heart, and hence the presence of cardiac murmurs 
of a pronounced character accompanying wounds of certain of the blood- 
vessels. 

The nature and explanation of these murmurs is not altogether simple, 
for they are temporary, inconstant in occurrence, and heard especially in 
connection with certain vessels. The last fact introduces some difficulties as 
to the actual mode of their conduction or transmission ; hence it may be as 
well to deal with one question as a preliminary—namely, whether the cardiac 
bruits are purely hemic in nature. 

That hemic cardiac murmurs are not infrequent as a result of serious 
loss of blood is a well recognized fact, and has been verified in many of the 
cases under consideration ; moreover, in one of them (Table IT, No. 22), a loud 
‘apical systolic murmur accompanying a local bruit over the site of a wounded 
posterior tibial artery, was replaced by a soft hemic murmur which persisted 
for twenty-four hours after the wounded artery had been occluded by ligature. 
This observation suggests that in some instances a compound of factors may 
account for the presence of the cardiac murmur; but the above was an 
isolated experience, and in all other observed cases ligature of the wounded 
vessel has been followed by immediate disappearance of the cardiac bruit. 
When the experiment is made of trying to abolish the cardiac bruit by 
pressure on the vessel proximal to the wound, it has been found that 
absolute suppression of the blood current is required to banish the bruit 
entirely. 

In pure arterial injuries the cardiac murmur is loudest at the apex, or 
sometimes over the base of the left ventricle, and the sound is not conducted 
towards the axilla or the neck. When present, the murmurs are as a rule loud 
and distinct, and in the opinion of experienced auscultators have been con- 
sidered to be indistinguishable in character from those present in mitral 
valvular disease. It is remarkable that in some cases the cardiac bruit may 
be much louder than the local murmur indicating the wounded spot in the 
vessel. This feature is the more surprising, in that the local arterial murmur. 
is commonly conducted more widely in the distal than in the central direction. 

In arterio-venous aneurysms or aneurysmal varices the murmur is usually 
double, the venous hum being continuous, while the systolic element is com- 
monly the more pronounced, and possibly accentuated by a prolongation of 
the diastolic phase. In femoral arterio-venous aneurysms the venous roar 
is sometimes absent. When the communication is situated in the neck or 
axilla, the continuous venous roar is sometimes the only element; while the 
double murmurs are only common when the vessels of the lower extremity 
are those concerned, and is then generally most pronounced over the base 
of the heart. When these double murmurs commence to fail in strength, the 
systolic element is usually the first to disappear. 

The 37 cases dealt with in this communication (Table IZ) in which cardiac 
murmurs were detected, occurred amongst a total of 180 instances of vascular 
lesion in which a routine examination of the heart was made; 16 of the 
aneurysms were arterio-venous, 19 were purely arterial, in 1 a varix only 
was diagnosed. In every instance the presence of the murmur was confirmed 

by more than one observer. 
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The date of appearance of the murmurs is early, probably usually immedi- 
ate; but in some instances a day or two may elapse before they become 
evident. Four cases of delayed appearance are included in Table II, Nos. 
12, 18, 17, 25. Considerable variations in strength and tone may occur from 
day to day, but the general tendency is towards diminution and disappear- 
ance of the sounds. The longest period in which any murmur was noted to 
persist in this series was seventy days, but many patients in whom the arterial 
wound was untreated returned to England with the bruit still audible. The 
venous roar or hum is the more persistent element in the double murmurs 
accompanying arterio-venous aneurysms or aneurysmal varices. 


Local Vascular Murmurs.—The characters of the typical local murmurs 
are well-known and recognized, but some remarks on the conditions which 
may affect the sounds in individual cases may not be out of place. 

Considerable variations of tone and character are met with. Thus, the 
arterial wound may be indicated by a soft ‘bellows’ murmur (especially when 
there is great swelling of the limb), a loud ‘rushing’ sound, or a musical 
whistle, the latter commonly in the later stages when cicatrization is advanced. 
In the presence of an arterio-venous communication, either the systolic bruit 
or the venous roar may be the more prominent element ; in some cases the 
buzzing sound, compared to the noise made by ‘a bee in a bag,’ is the salient 
feature; in others the venous roar assumes the character of a deep pedal note. 
No characteristic differences have been observed between the murmurs 
accompanying the contused wound produced by the bullet, and the often 
comparatively cleanly-cut opening produced by sharp fragments of shells or 
bombs. Neither does the loudness of the sound correspond with the size and 
importance of the vessels concerned, although a superficial position of the 
vessels is of much importance in this respect. 

A number of factors, to which it is difficult to assign the proper relative 
import, do, however, doubtless affect both the character and strength of the 
. bruit produced. Thus, the nature of the aperture may be mentioned, in some 
cases marginated by a ragged rirg of the media, in others by a thin sharp 
margin of bare intima from which the media has been stripped, while in still 
others a ragged tongue of media may project across an arterio-venous opening. 
Again, the timbre ef the bruit tends to change in accordance with tke stage cf 
stiffening from infiltration or cicatrization which has been reached. Lastly, 
the depth of tone and resonance of the sound is affected by the length of the 
column of blood, the size of the cross-section of the vessels, the presence of a 
large collection of fluid blood or clot in connection with the wound, and the 
general conformation of the patient himself. It is obvious that the mass, 
strength, and degree of tension of the structures of a limb are of importance as 
resonating factors, and these are still more evident when the wounded vessel is 
situated over the chest wall, or in the close vicinity of hollow viscera. 

In connection with the comparative resonance of different limbs, an 
observation made in employing percussion to elicit the tympanitic note 
present when a limb is deeply infiltrated with gas is of some interest. This 
sign, to which considerable importance is rightly allotted, may be vitiated by 
the presence of either a large wound defect, or the existence of a considerable 
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collection of effused blood in a limb, especially around a fracture. Either of 
these conditions may accompany a wounded artery, and the altered acoustic 
conditions will no doubt affect the character of a murmur. 

Certain other features are worthy of further consideration ; but before 
proceeding to them, the occurrence of systolic arterial bruits independent 
of an open arterial wound should be mentioned. These may depend upon 
obstruction to the arterial lumen, due either to cicatricial contraction of the 
vessel itself, or to pressure from without. Such murmurs in my experience 
are distinctly rare. I have auscultated many hundreds of arteries in the 
search for wounds, and among these may be particularly mentioned a series 
in which the distal pulse was diminished or absent in injuries about the root 
of the neck and shoulder. In such cases complete severance of the vessel, 
obstruction from thrombosis, or external pressure by displaced fragments of 
bone is to be expected; but in only one instance has a murmur been detected, 
and this a ‘whistling’ at a late stage after the injury. In another case, where 
an apparently pure arterial false aneurysm of the femoral artery, accompanied 
by a systolic bruit, was present, pressure by the stethescope on the outer 
aspect of the sac gave rise to a soft cooing murmur, somewhat resembling 
the musical sigh often heard amongst trees in a soft breeze at night. 

A somewhat striking experimental proof of the presence of an incomplete 
obstruction to the arterial lumen giving rise to a murmur audible in the heart, 
is afforded by an observation made during the use of Tuffier’s® arterial tubes. 
These silver tubes, coated with a thin layer of paraffin, are introduced between 
the severed ends of the vessel, and tied into its lumen. Their object is to sub- 
stitute a gradual for a sudden arrest of the circulation, in order to give longer 
time for enlargement of the collateral intereommunications. The tubes are 
left in position for four days, when the wound is opened, the ends of the vessel 
are tied, and the wound is re-sutured. Professor Tuffier kindly supplied me 
with specimens of his tubes, and a trial is being made of them, especially 
in the treatment of wounds of the popliteal vessels. In two such cases, 
operated upon by Colonel Gordon Watson and Lieut.-Colonel Gunn respec- 
tively, a systolic bruit was audible at the apex of the heart after introduction 
of the tube, which disappeared after its removal. 

Another infrequent phenomenon is the presence of a systolic bruit, 
audible throughout the great vessels of the body, developing in consequence 
of a severe secondary hemorrhage. Its interest depends upon its resemblance 
to the hemic cardiac murmurs so much more commonly present under like 
circumstances, and thus it brings the two conditions into accord. It is 
remarkable that in one instance in which this general arterial bruit was well 
developed, no similar murmur was audible over the heart; but it may be 
added that the patient at the time of examination was within a few hours of 
death. : Rye 

A much more common occurrence as a sequence of hemorrhage is the 
development of a general arterial bruit of the ‘pistol shot’ or ‘water hammer’ 
type. The assumption of this type may again be quite independent of an 
arterial wound, but it gains its interest in this relation from the fact that it 
materially modifies the character of the murmurs audible over an aneurysm 
when it is present. This ‘pistol shot’ character has been referred to by 
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Sir W. Osler,7 and I adopt the term from him, as much more nearly describing 
the sound than the term ‘slamming’ I was accustomed to make use of. As a 
generalized phenomenon it is often heard in its most pronounced form in 
patients dying from acute toxemia, or in patients at the end of a long and 
trying operation during which much blood has been lost. In this form the 
sound suggests the falling of drops of water in an empty tube, and causes an 
actual shock to the tympanic membrane of the auscultator with each beat 
of the heart. The probability of its presence is indicated with some certainty 
by the character of the pulse on palpation, a similar ‘knock’ being felt. 
When this generalized sound is present, it naturally accentuates and modifies 
the local murmur audible over an arterial aneurysm or an arterio-venous 
communication; but it is an interesting fact that the local murmur may 
assume the same character when it is not present in the arteries generally. 

This type of sound can be readily reproduced experimentally by lowering 
the diastolic pressure in an artery of an extremity by applying the arm band 
of an ordinary manometer. When this has been tightened for some seconds, 
and is then relaxed, the early beats of the artery distal to the compressing band 
are audible, and of the true ‘pistol shot’ type. Definite support is afforded by 
this observation to the view that the diversion of a portion of the blood-stream 
through an abnormal opening lowers the distal blood-pressure, and interferes 
materially with the blood-supply of the limb beyond the wound, conditions 
calling for increased effort on the part of the heart to maintain the vitality of 
the limb. The fact that the local phenomenon is inconstant is readily explained 
by the condition commonly observed when wounded arteries are exposed for 
the purpose of ligation or suture. Under these circumstances the portion of 
the vessel distal to the wound is found to be considerably contracted, and this 
to an extent approximating to that seen when the vessel has been completely 
severed. I have noted this condition as late as seven months after the recep- 
tion of a lateral wound of the femoral artery which took part in an aneurysmal 
varix, so that the compensating contraction may be more or less permanent. 
This contraction is no doubt sufficient in a great number of cases to correspond 
with the diminished amount of blood able to reach the artery ; hence a suffi- 
cient diastolic pressure is maintained to obviate the occurrence of the ‘pistol 
shot’ sound. If, on the other hand, the compensatory contraction is insuffi- 
cient as a result of the large amount of blood diverted from the normal current, 
the ‘pistol shot’ character will be assumed by the aneurysmal murmur. This 
view is further supported by the observation that the ‘pistol shot’ sound is 
far more common in arterio-venous than in arterial aneurysms, and this because 
a much larger amount of blood can be diverted into the lumen of the vein, 
whence it can readily pass onwards with the reverse circulation, than can 
be possible in the case of the cavity of an arterial aneurysm, which is of more 
or less constant dimensions. 

In connection with the general explanation offered above of the mode o 
production of the ‘pistol shot’ sound, it may be suggested that when in 
arterio-venous lesions this is local only, the ‘knock’ may be produced by the 
direct passage of the powerful arterial stream into the dilated venous channel, 
in which the pressure is comparatively low. 
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Mode of Transmission of Local Aneurysmal Murmurs to the Heart.— 
Before proceeding directly to the consideration of the mode of conduction of 
local vascular murmurs to the heart, it may be convenient to recall that the 
conduction of the murmurs in the limbs themselves varies considerably both 
in extent and distribution. al od ae 

In purely arterial lesions, the,murmur is loud, and can be heard more 
widely in the distal than in a central direction. Centrally it is rare to be able 
to trace the sound more than a few inches. Further, the murmur is practically 
limited in distribution to the line of the vessels themselves and the area of 
the limb occupied by the aneurysmal sac, if one is present. 

In arterio-venous lesions, the murmurs are conducted in both directions, 
the double bruit often the entire length of the limb, while in the central direc- 
tion the venous roar is always conducted widely. In some instances the 
conduction is in these cases also limited to the line of the vessels; in others 
the vibrations are transmitted to the whole mass of the tissues of the limb, 
and are audible in whatever position the stethoscope is applied. This latter 
phenomenon is no doubt explained by the comparative strength of the vibra- 
tion caused by the meeting and mixing of the currents, which is further 
indicated by the palpable thrill commonly present over the vessels. Perhaps 
to a lesser extent it may be influenced by the tone, tension, and strength of 
the individual limb. In relation to the inconstancy of the transmission of 
the vibrations to the limb generally, it may be remarked that the sign of 
‘purring or bubbling thrill’ is very variable both in strength and occurrence. 
In many cases it is difficult to determine, and in all it is a very uncertain guide 
to the exact location of the arterio-venous communication. The same may 
be said when the vein is exposed ; thus, the wall of the internal jugular vein 
may in some cases be seen to ‘shiver’; in others the vibration is not visible. 
I have once seen definite vibration on the surface of the neck. | Venous pulsa- 
tion, again, is rarely visible independently of the arterial pulsation. Of the 
entire number of cases I have seen, in only one instance, where the brachial 
artery at the bend of the elbow was in communication with the median basilic 
vein, was independent venous pulsation palpable and visible. 

Observation of the appended table of cases (Table II) reveals the remark- 
able fact that conduction of the local systolic murmur to the heart is un- 
common unless the wounded vessel is situated in the lower extremity ; and 
the same remark applies in a lesser degree to the arterio-venous or double 
murmur, with the definite reservation of the cases in which the tissues gener- 
ally conduct the murmur to the cardiac area. Amongst the whole series we 
find that the murmur accompanying a local injury to the artery alone was 
audible in the heart in only 6 out of 24 axillary aneurysms, and in no instance 
of arterial aneurysm of either the neck or arm. On the other hand, amongst 
94 cases of arterial aneurysm in the lower extremity, the systolic murmur was 
conducted to the heart in no less than 31 instances. Moreover, the murmur 
was found to be equally loud and pronounced whether the local injury was 
situated in the vessels of the thigh or the leg. Again, as has been already 
remarked, the loudness of the cardiac murmur in no way corresponds with 
that heard over the wounded spot in the vessel or the aneurysm, for the latter 
may be soft while the conducted murmur in the heart is loud and pronounced. 
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TABLE I.—DISTAL BLOOD PRESSURES jy 








CASE 





1. Pte. H. 
| Ref. No. 139] 


2. Lieut. W. 
| Ref. No. 140] 


3. Pte. R. 
| Ref. No. 141] 


4. Pte. C. 
| Ref. No. 142] 
5. Pte. G. 
| Ref. No. 143] 
6. Pte. W. 
| Ref. No. 144] 
7. Pte. A. 
| Ref. No. 145] 
8. Pte. H. 
| Ref. No. 146] 


9. Pte. W. 
| Ref. No. 147] 


10. Pte. C. 
| Ref. No. 148] 


11. Pte. B. 

| Ref. No. 149] 
12. Pte. K. 

| Ref. No. 150] 
13. Pte. C. 

| Ref. No. 151] 
14. Pte. C. 

| Ref. No. 152| 


15. Pte. B. 
| Ref. No. 153] 


16. Pte. McP. 
| Ref. No. 154] 


17. Pte: -P. 

| Ref. No. 155] 
18. Lieut. V. 
| Ref. No. 156] 
19. Pte. W. 

| Ref. No. 157] 
20. Pte. H. 

| Ref. No. 158] 


21. Pte. M. 

| Ref. No. 159] 
22. Pte. B. 

| Ref. No. 160] 


23. Cpl. B. 
| Ref. No. 161] 


24. Pte. MeL. 
| Ref. No. 162] 


| ? Left subclavian or 


| 


VESSEL INJURED 


Right femoral 
(common) 


Right femoral 


Left femoral 
(common) 


Right popliteal 


Right subclavian 


Left femoral 
(common) 


Right internal 
circumflex 


Right femoral 
(superficial) 


Left femoral 
Right femoral 


Left femoral 
(common) 


Left femoral 
(superficial) 


Left axillary 
(1st part) 


Right brachial 


Right brachial 


Left axillary 
(3rd_ part) 


Right axillary 


Right subclavian 


innominate 


Right femoral 
(common) 


Right femoral 
(deep) 


Right axillary 


Left brachial 


Right femoral 
(superficial) 


NATURE OF LESION 


Arterial hematoma 


Arterial haematoma 


Varix 


Arterial hematoma 





Arterio-venous aneurysm 


Varix 
Arterio-venous aneurysm 
Arterio-venous aneurysm 

Arterial hematoma 
Arterio-venous aneurysm 
Arterio-venous aneurysm 
Arterio-venous aneurysm 

Arterial hematoma 


Arterial hematoma 


Arterial hematoma 


Varix 


Varix 
Arterial hematoma 
Arterio-venous aneurysm 
| Arterio-venous aneurysm 
Arterio-venous aneurysm 
Arterial 
Arterial 


Arterial 








RR 
BLOOD-PRESSURE 

Right leg 115; left leg 122. Abou 
1 week after wound 
Not recorded 
Left leg 119; right leg 125. About 
10th day after wound 
Right leg 100 ; left leg 120. 1 month 


after wound 


Right arm 97:5; left arm 120. 8 days 
after wound 


Left leg 62: right leg 108. During 
first 14 days after wound 


Right leg 120; left leg 150. 1 month 
after wound 
Right leg 90; left leg 121. 16 days 


after wound 


Left leg 90; right leg 127. 
days after wound 


Both legs 140. 


Within 14 
6 months after wound 


Left leg 115; 12 days 


after wound 


Left leg 98; right leg 126. 
days after wound 


right leg 140. 


Within 14 


Left arm 130; right arm 150. Within 
7 days after wound 
Right arm 102; left arm 137. 6 days 


after wound 


Right arm 110; left arm 129; 22 days 
after wound 


Left arm 89; right arm 110. 20 days 


after wound 


Both arms 125. 6 days after wound 


Right arm 108 ; left arm 135. 14 days 


after wound 


Both arms 101. 11 days after wound 


Right leg 130; left leg 135. 40 days 
after wound 
Left leg 105; right leg 125. 34 days 


after wound 


Right arm 68 ; left arm 122. 
after injury 


5 month 











THE 


Femor: 
eXCise 


Comm« 
deep | 


Femor: 
ligatu 


Artery 


Hole ii 
vein 1 


Comm«e 


Wound 
end-tc 


Wound 
end-t« 


Brachiz 
June, 


Artery 


almos' 
vided 


V 





ut 


ut 


ith 


hin 


ays 


ays 


ays 


und 
lays 
ind 
lays 


lays 


nth 








OPERATION 
Femoral _ tied ; piece 
excised 


Common, superficial, and 
deep femorals tied 


Femoral artery and vein 
ligatured 


Artery and vein tied 


Hole in artery sutured ; 
vein tied 


Common femoral tied 


Wound in vessel excised ; 
end-to-end anastomosis 


Wound in vessel excised ; | 


end-to-end anastomosis 


Brachial artery tied 
June, 1915 


Artery sutured; found 


almost completely di- 
Sed agi 


LIMBS AFTER LESIONS OF VESSELS. 





BLOOD-PRESSURE AFTER OPERATION 


REMARKS 





Right leg 89; left leg 120. 6 weeks after 
wound 





Not recorded ' 
Not recorded 


Not recorded 


Right leg 110; left leg 135 


No tibial pulses 


4 days after operation: 

Right arm 90; left arm 135 
24 days after operation : 
| Right arm 127; left arm 140 





5 days after operation : 
Right arm 80; left arm 127 


No operation. Ecchymosis developed on 


Left arm 80; right arm 114 





Left arm 99; right arm 126. 8 months 
after operation 


| Right leg 90; left leg 140. 14 days after 
operation 


| 








arm along line of vessel at the 5th week. | 





Right leg wasted 


ee 


Radial pulse absent 5 weeks. after 
injury when sent home 


| Limb did well 


Limb did well 


Limb did well 


Did well 


Gangrene of foot above ankle. Two 
‘secondary hemorrhages, last fatal 


Sent home; condition unaltered 


Sent home ; good radial pulse ; arm 
excellent 


Sent home ; poor radial pulse; arm 
in good condition 


Probably ‘secondary extravasation at 
5th week, with increased tension 
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TABLE II.—LESIONS OF SYSTEMIC 





VESSEls 








1. Lieut. C. 
[ Ref: No. 163] 


2. Cpl. B. 


[Ref. No. 164] | 


3. Pte. W. 
[Ref. No. 147] 


4. Pte. C. 
[Ref. No. 148] 


5. Pte. R. 
[Ref. No. 165] 


6. Lieut. S. 
[ Ref. No. 166] 


7. Pte. H. 
[ Ref. No. 158] 


8. Pte. G. 
[ Ref. No. 167] 


9. Pte. I. 

[Ref. No. 168] 
10. Pte. H. 

[Ref. No. 169] 
11. Pte. S. 

[ Ref. No. 170] 
12. Lieut. C. 

[Ref. No. 171] 


13. Pte. B. 
[ Ref. No. 149] 


14. Pte. MacD. 


[Ref. No. 172] 


15. Pte. G. 
[ Ref. No. 173] 


16. Lieut. T. 
[ Ref. No. 174] 


17. Sec. Lt. T. 
[Ref. No. 175] 


18. Sec. Lt. H. 
[ Ref. No. 176] 


19. Pte. M. 
[Ref. No. 177] 














MISSILE NATURE OF LESION 
Bullet Arterio-venous aneurysm, 
right femoral 
Bullet Arterio-venous aneurysm, 
right femoral 
Bullet Arterial hematoma, 
left femoral 
Shell Arterio-venous aneurysm, 
right femoral 
Shell Arterio-venous aneurysm, 
left femoral 
Bullet Arterio-venous aneurysm, 
right femoral 
Shell Arterio-venous aneurysm, 
right femoral 
Bullet Arterio-venous aneurysm, 
left femoral 
Shell Arterial hematoma, 
left popliteal 
Shell Arterial hematoma, 
1 ft popliteal 
Shell Arterio-venous aneurysm, 
right popliteal 
Shell Arterial hematoma, 
left common femoral 
Shell Arterio-venous aneurysm, 
left femoral 
Shell Arterial hematoma, 
right popliteal 
Bullet Arterio-venous aneurysm, 
right popliteal 
Bullet Arterial hematoma, 
left femoral 
Bullet Arterial hzmatoma, 
right femoral 
Bullet (?). Local lesion, 


Arterial hematoma, 


wound of thigh | 
| 
right common femoral | 


| Very loud machinery murmur ; conducted 


' Machinery murmur ; 


| Loud machinery murmur, ‘ pistol shot’ in 


3 


CHARACTER OF MURMUR AND CONDUCTION (Loca) 


Very loud machinery murmur, especialy 
systolic element on distal side ; conducted jj 
leg and lower part of abdomen 


abdomen and down leg 


Pure systolic murmur, slight conduction chief 
downwards 


conducted up and dom 
slightly 


Very loud machinery murmur; _ conduetiq 
up lower part of abdomen and down to fa 


character 


Machinery murmur ; conducted freely up and 
down 


Machinery murmur with  sledge-hamme 
systole ; slight conduction 

Soft systolic murmur; very little condu- 
tion 


Pure systolic murmur ; slight conduction 


Machinery murmur, sledge-hammer type; 
conducted to groin and ankle 


Pure systolic murmur ; conducted to comm 
femoral and slightly upwards 


WITE 


Apex | 
in nip 


Apex i 
outs: 
Apex i 
line. 
99° 
Apex i 
line 
Apex i 
line 


Apex i 
outsic 
Pulse 

Apex > 
side 1 
104, 

Apex i 
line 

Apex i 
line 

Apex 


Apex 
diac « 

Apex | 
line 





For first 11 days pure systolic ; mum 
conducted slightly up and down.  Doubl 


murmur (machinery type) developed Ith 
day 


Pure systolic, rather faint; very little cr 
duction 


_ Loud machinery murmur ; conducted to fol 


and groin, ‘ pistol shot’ character in groil 


No local murmur in thigh 


Pure systolic, not loud ; 


duction 
None 


Pure systolic, faint ; practically no conducti( 














very little col 


Apex 
11th 
nippl 








Apex 






Apex | 
very 
(wou 





Apex 
gener 






Apex 
cited 


Apex 












Apex 
fairly 
oo 
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SIZE OF HEART POSITION AND CHARACTER OF HEART MURMUR PROGRESS TILL EVACUATION OR DEATH 
cially aa 
led ty BApex of heart low, and Loud double murmur heard all over X ray at home showed atheromatous 
in nipple line. Pulse 90 cardiac area aorta; murmur in heart had _ dis- 
ed ty appeared 
Apex in 5th space, 1 in. Systolic murmur heard all over car- | Died; no cause of death found at 
hiefy § outside nipple line diac area post-mortem 
Apex in 5th space, nipple | Systolic murmur heard at apex only | Murmur in heart disappeared about 
line. Pulse 90, temp. | 10th day 
dom § 99° 
Apex in 5th space, nipple | Systolic murmur heard chiefly over Operation 6 months after wound ; 
in | line ulmonary area, also at apex murmur in heart absent next day 
ction : 
) fot FApex in 5th space, nipple Double murmur in heart, systolic | Heart murmur still present 10 weeks 
line element predominates at apex | after wound and similar in character ; 
| local condition unaltered; _ electro- 
+? in | cardiogram normal 


Apex in 5th space, 25 in. Double murmur at apex and base, | Operation; died same afternoon; no 
outside nipple _ line. systolic element predominates | post-mortem 
) and Pulse 100 


Apex in 5th space, out- | Systolic murmur at apex, louder over | — 
side nipple line. Pulse base of ventricle 
mm | 104, temp. 101° 


Apex in 5th space, nipple | Systolic murmur over about half | — 


andy. @ line cardiac area, loudest at apex | 

Apex in 5th space, nipple | Systolic murmur heard at apex and | - 
, line | base | 

Apex in nipple line Systolic murmur at apex, not base | Operation 13th day; murmur absent 
bype; | afterwards 


Apex not palpable, car- | Double murmur in heart Set 
ama | diac dullness nipple line 


Apex } in. outside nipple | Systolic murmur appeared 20th day, 
line heard best at base of ventricle, the 
local condition improving, and the 


local murmur being the same through- 


Secondary hemorrhage from wound ; 
abdominal section, but external iliac 
not secured ; patient died of general 
peritonitis 34th day 





mut out 

oubk§ Apex in nipple line; on Murmur appeared 11th day, when | Operation on 24th day, superficial 

Mth lth day 1 in. outside nature of local murmur changed; | femoral a’ d profunda tied ; murmur 
nipple line. Pulse 110 double murmur heard in heart at | bee me almost pure systolic again just 


base and apex before operation, which was done for 
extension and temperature. Sec. ham- 
orri.age on 36th day; gangrene of foot, 
spreading above auakle. See hemor- 


rhage again about 42nd day; died 


sg . | same night. Electrocardiogram normal 
Apex in middle line | Systolic murmur heard best at base of —— 
| ventricle, also heard at apex; is | 
) foot louder than local murmur | 


roi Apex just inside nipple ; | Systolic murmur, chiefly at base; on | Wounded Aug. 6, 1915, when the 


very excited action | compression of femoral murmur al- | arterio-venous aneurysm was produced. 
(wound of knee-joint) | most disappears | Wounded again July 23, 1916, in the 


same knee. Electrocardiogram normal 


Apex in nipple line; Systolic murmur heard at apex; on 


general circulation quiet 16th day no heart murmur was to be 
con heard 
Apex in nipple line ; ex- | Systolic murmur heard at apex; did | a 
§ cited circulation | hot appear till about 13th day | 
Apex in nipple line | Systolic murmur heard at apex and | Evacuated with condition unchanged : 


no local lesion discovered 


base of ventricle 

Apex in _hipple line; | Systolic murmur confined to apex 
fairly quiet circulation. 

Pulse 1 00-120 


icti¢ 


Coutinued cn neat puye. * 














ee 
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20. Pte. S., 
| Ref. No. 178] 


21. Pte. G. 
[ Ref. No. 179] 


22. Sec. Lt. W. 
[Ref. No. 180] 


23. Pte. L. 
[Ref. No. 181] 


[ Ref. No. 182] 


25. Pte. H. 
[| Ref. No. 183] 


26. Lieut. G. 
| Ref. No. 184] 


ote Fae. 8. 
| Ref. No. 185] 


28. Sec. Lt. M. 

[| Ref. No. 186| 
29. Pte. L. 

[| Ref. No. 187] 
30. Pte. M. 

[ Ref. No. 188] 


31. Pte. B. 
| Ref. No. 189] 


32. Rfilmn. R. 
[ Ref. No. 190] 


33. Cpl. R. 
[Ref. No. 191] 


34. Pte. C. 
| Ref. No. 192] 


35. Lieut. B. 
[ Ref. No. 193] 







36. Lieut. W. 
[ Ref. No. 194] 







37. L.-Cpl. B. 


24. Sgt.-Maj. F. 


[Ref. No. 195] | 


MISSILE 


Shell 


Shell 


Bullet 


Bullet 


Bullet 


Shell 


Bullet 


Bullet 


Shell 


Shell 


Bullet 


Shell 


Bullet 


Shell 


Shell 


Shell 


Bullet 





TABLE 


NATURE OF LESION 


Arterio-venous aneurysm, 
left common femoral 


Arterio-venous aneurysm, 
left common femoral 


Arterial, 
right posterior tibial 


Arterial, 
left axillary 
Arterial, right subclavian, 
possibly innominate 


Arterio-venous aneurysm, 
right axillary 


Arterial, 
Ist part right axillary 


Arterial, 
left femoral (profunda) 


Arterial, 
left popliteal 
Arterial, left popliteal (upper 


part). Severe primary hem. | 


Arterial, left femoral. No 
severe primary hemorrhage 

Arterio-venous aneurysm, left 
femoral. No severe primary 
hemorrhage 

Arterio-venous aneurysm, 
right femoral. Fair primary 
hzmorrhage 

Arterio-venous aneurysm, left 
axillary (1st part). No his- 
tory of primary hemorrhage 

Arterial, 
left superficial femoi al 


Arterial, 
right axillary (branch) 


Varix, 
left popliteal (lower third) 


Arterial, 
internal iliac 


_ Pure systolic murmur ; conducted down am ‘ 





II.—LESIONS OF SYSTEMIC VESSEIs 


ei 


CHARACTER OF MURMUR AND CONDUCTION (Locat) 





| Loud machinery murmur in popliteal space 


Loud machinery murmur ; conducted to ankk 
and abdomen 


Loud machinery murmur ; conducted to je 
and abdomen, * pistol shot,’ systolic 4 


Loud systolic murmur ; very little conductio, 


Pure systolic murmur heard best over 3rd left 
costal cartilage ; conducted over chest yall 


Machinery murmur, loudest at anterior axil. 
lary fo.d ; conducted to sternum 


Systolic murmur; very little conduction, 
chiefly down arm 


Faint systolic murmur ; little conduction 


Soft systolic murmur; very little conduction 


Systolic murmur, sledge-hammer type; heard 
in groin after tube tied in 


Loud systolic murmur; conducted up and 
down 


Loud machinery murmur ; conducted to fost 
and chest 


Loud machinery .murmur; conducted to 
abdominal wall and knee 


Loud machinery murmur; conducted dow 
arm 


Systolic murmur which disappeared about 
12th day 


Systolic murmur over line of artery, noticed 
after secondary hemorrhage, 24th day 
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Apex 
quic 
80 


Apex 
cite 
100 

Apex 
line 
Puls 


Apex 


Apex 
Puls 


Apex 
Puls 


Apex 
Puls 


Apex 
Puls 


Apex 
100, 
Apex 
Puls 


Apex 
Puls 


Apex 
Jine. 


Apex 
line. 


Apex 
line. 
100° 

Apex 

‘line 
puls: 

24th « 
line. 
109¢ 





27th 





conducted to groin and foot 


Blowing systolic murmur heard along line 
abdominal aorta 















outs 
seco 
Apex 
diffu 
satic 





Apex 
diffu 
satic 








L) 


ankle 


0 leg 


ction 


| arm | 


d left 
- Wall 


axil- 


ction, 


ction 
heard 
and 


) foot 


d to 


down 


about 


oticed 


pace 





227th day: 








WITH MURMUR CONDUCTED TO HEART— continued. 


O49 





SIZE OF HEART 





Apex inside nipple line ; 
quiet circulation. Pulse 
80 


Apex in nipple line; ex- 
cited circulation. Pulse 
100 

Apex 1 in. outside nipple 
line; excited action. 
Pulse 90 
Apex in nipple line 
Apex in nipple line. 
Pulse 91 


Apex in nipple _ line. 
Pulse 88 


Apex in nipple _ line. 
Pulse 98 


Apex in nipple _ line. 
Pulse 80 


Apex innipple line. Pulse 
100, temp. 100°, resp. 20 

Apex in nipple line. 
Pulse 108, temp. 100° 


POSITION AND CHARACTER OF HEART MURMUR 


PROGRESS TILL EVACUATION OR DEATH 











Apex in nipple _ line. 
Pulse 112-92, temp. 190° | 


Apex just inside nipple 
line. Pulse 80 


Apex } in. outside nipple 
line. Pulse 88 


Apex } in. outside nipple 
line. Pulse 120, temp. 
100° 


Apex just inside nipple 
‘line; diffuse precordial 
pulsation. Pulse 98 


24th day : apex in nipple 
line. Pulse 104, temp. 
108° 

; apex just 
outside nipple ; another 
secondary hemorrhage 
Apex in nipple line ; 
diffuse precordial pul- 
sation. Pulse 114 


Apex just outside nipple ; 
diffused precordial pul- 
sation. Pulse — 





Systolic murmur at apex, double mur- | 
mur at base ; apical murmur not con- | 


ducted 


Systolic murmur heard at apex, most 
marked at base of ventricle 


Systolic murmur heard best at base of 
ventricle, also heard at apex 


Well-marked systolic murmur at apex, | 


most marked at base of ventricle 


Well-marked systolic murmur .at 


base and also at apex, where it is | 


clear but diminished in intensity 


Appeared 6th day. Systolic murmur, | 


heard at base, not audible at apex 


Systolic murmur, heard best at base | 


of ventricle, audible at apex 


Well-marked systolic murmur at apex 


Well-marked systolic murmur at apex 


Svstolic murmur heard at base of heart 
after Tuffier’s tube tied in, 4th day 


Loud systolic murmur at apex 


| Venous roar. heard in heart 5th week 


after injury 


Double murmur heard all over cardiac | 


area, distant 


Double murmur heard all over cardiac | 
area; well-marked systolic murmur | 


at apex and base of ventricle 


Systolic murmur at apex, most marked 
during expiration 


24th day: systolic murmur heard all 
over cardiac area 

27th day: systolic murmur heard all 
over chest and in opposite axilla ; 
well-marked diastolic shock in 
femoral arteries 


Systolic murmur, loud at apex ; double | 


character at base, not so loud 


Systolic murmur all over cardiac area, | 
most marked at apex, ‘pistol shot’ 
at base 


Heart murmur still persists ; apex in 
nipple line. Chest wound of opposite 
side, Local condition unaltered. 
Electrocardiogram normal 


Electrocardiogram normal 


The vessel was ligatured ; the murmur 
persisted for one day afterward , then 
disappeared, and the pulse fell to 74. 


Sept. 30.—-Artery and vein ligatured. 
Oct. 2.—Heart murmur disappeared 


Secondary hemorrhage; 3rd part of 
of subclavian tied, also distal end of 
axillary ; communication not found. 
Hand and forearm in good condition 


Sept. 27.—Local murmur same ; heart 
murmur still present, tails off at apex ; 
Pulse 100, temp. 100°. Oct. 4.— 
Swelling of arm less; local murmur 
same. Heart murmur disappeared 
16th day ; apex within nipple line 

Secondary hemorrhage ; profunda tied 
doing well. Heart murmur had dis- 
appeared on table before operation 


Gangrene of foot; leg amputated 9th 
day. Heart murmur disappeared 


Sept. 30.—Artery and vein ligatured ; 
ends of artery 4 in. apart. Oct. 2. 
Murmur absent in heart 





Electrocardiogram normal ; 2 rays show 
heart normal in inspiration, raised and 
flattened out in expiration 


X rays show enlargement of right side 
of heart 


Abdominal hemorrhage ; clot evacua- 
ted; secondary hemorrhage three 
days later 
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It does not appear easy to explain this difference in regard to transmission 
of the local murmur from the vessels of the lower extremity and those of 
the remaining parts of the body. It is difficult to assume any other path of 
conduction than the vessel wall and the column of blood contained by it, 
and this path is uninterrupted in the case of all. It is clear that the compara- 
tive distance of the lesion from the heart exerts little or no difference, unless 
the resonating power of the column of blood be increased by its length; and 
if the latter were an explanation, there seems no reason why the systolic 
arterial murmur should not be audible in any part of the column of blood 
and vessel wall connecting the lesion with the heart. The only other explana- 
tion to hand lies in the direct transit by vessels which make no turns and 
gradually increase in size from their termination to their origin in the heart. 
These conditions are present in the vessels of the lower extremity, while in 
the case of the upper, a fairly sharp bend is made as the vessels emerge from 
the thorax, and both in these and the vessels of the neck a very sharp contrast 
of calibre exists where they originate from the aorta. This difference in direct 
course and continuous gradual increase in size seems, therefore, a ready, if not 
an entirely convincing, solution of the question. In relation to the influence 
of direct proximity of the arterial lesion to the heart, it is of interest to note 
that in the only case of wound of the internal mammary artery observed, 
a systolic murmur was loud beneath the third left costal cartilage, but there 
was no trace of it to be detected in the heart. 

The fact that the systolic murmur accompanying arterial injuries is 
transmitted in the opposite direction to the blood-stream suggests that the 
vibrations may be mainly conducted by the arterial wall; and if this be the 
case, the influence of change of direction and sudden increase of calibre may 
be more readily intelligible. In the case of the veins this question is not of 
equal importance, but transmission by the wall of the vein is still more easy 
to accept. 

* When arterio-venous communications are met with in the neck or axilla, 
the double or continuous murmur is commonly audible over the whole cardiac 
area, but the normal cardiac sounds can usually be heard quite distinct from 
the adventitious murmur. In these instances, however, the murmur may 
be continuously traced from the seat of the vascular lesion to the precordial 
region, often diminishing in strength as the heart is reached. This 
phenomenon therefore rather resembles that of the general conduction of the 
arterio-venous murmur to the mass of the tissues of the limbs, the advantage 
of the sounding-board provided by the chest wall facilitating the transit and 
intensifying the strength of the musical vibrations. When the arterio-venous | 
lesion is more distantly placed, the difference between the very limited central 
conduction of the local systolic arterial murmur, and the long extent which 
intervenes between the cessation of this and its reappearance in an even intensi- 
fied form in the heart, is very striking; the only explanation which comes 
ready to hand lies in the fact that in the vein the direction in which the sound 
is conducted corresponds with that of the blood-stream, while the arterial 
murmur requires to be transmitted in an opposed direction. This view gains 
support from the not infrequent observation that in arterio-venous communica- 
tions situated in the neck or axilla, it is the venous roar alone that reaches the 
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precordial area, the systolic element being either masked by the valvular 
sounds, or being suppressed. Again, even in the case of arterio-venous com- 
munications in the lower extremity in which a double murmur is transmitted 
to the heart, the systolic element, often at first the more pronounced, fades 
more rapidly, and often becomes quite inaudible or disappears, while the 
venous roar persists. That the cardiac murmurs are temporary phenomena 
only, corresponds with what is experienced with regard to transmission of the 
vibrations to the tissues ; this also tends to disappear, as is well illustrated by 
the temporary persistence only of the discomfort experienced by patients from 
buzzing in the head when an.arterio-venous communication is established in 
the neck. 


In conclusion, I may say that it is a matter of some regret to me that the 
observations dealt with in this paper could not have been made by one more 
familiar with cardiac physiology and cardiac disease. Still, the question 
has been opened up, and later, more competent hands may throw light on 
the difficult physical problems concerned. It is very pleasant in this relation 
to express my obligation to Captain McIlwaine, who examined some of the 
patients for me, and to Captain Shelley, who has aided me throughout in 
the collection, examination, and recording of the cases. 
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REVIEWS AND NOTICES OF BOOKS. 


A Manual of Operative Surgery. By JOHN FAIRBAIRN BINNIE, A.M., C.M. (Aberdeen), 

F.A.C.S., Surgeon to the German and General Hospitals, Kansas City. Large 8vo. 

Pp. 1363, with 1597 illustrations, some of them in colours. Seventh edition, revised 

and enlarged. 1916. London: H. K. Lewis & Co. Ltd. 32s. net. 

Tue fact that this essentially modern book has already reached a seventh edition 
is an eloquent testimony to its practical utility. In this, as in former editions, 
the special object of the work has been to emphasize and fully elucidate the 
difficult and obscure problems of surgical operations, rather than to reiterate the 
common routine of students’ text-books; in other words, it has been inspired by 
those very shortcomings for which the examinational system of operative surgery 
is responsible. The author has in a masterly way seized upon the essentials of 
surgical procedures, and presented them concisely and lucidly. 

In the present edition a new chapter has been added on cardiac surgery, and 
also a short one on retroperitoneal neoplasms. In order to bring it into touch with 
modern events, an appendix on War Surgery is written by Walter S. Sutton, which 
is almost too condensed to be of much practical value. 

The book throughout, both in the text and illustrations, presents an invaluable 
mine of information, and richly deserves the success it has already achieved. No 
doubt its wide outlook and evenly-balanced judgement is due in large measure to its 
being written by a British surgeon, practising in America, and working in a German 
Hospital. 





Les Formes Anormales du Tetanos. By Courrois-Surrir and R. Grrovux, with Preface 
by Prof. WipaL. Small 8vo. Paper Covers, Paris: Masson et Cie. 4 fr. 

Tue war, which has led to so many novel problems in medicine and surgery, is 

producing also a crop of new books dealing with them. Amongst these the collection 

of cheap and handy little volumes published by Masson et Cie take an important 

place. 

Before the war tetanus was a comperatively uncommon disease with us; at 
the beginning of the war it became common ; and now, thanks to the prophylactic 
use of antitoxin, it is again uncommon. But the very fect that the cases which still 
occur are mostly in men partially protected by antitoxin, has led to the appearance 
of delayed and modified forms of the disease of which we had little previous know- 
ledge. The present volume, which does not profess to deel with the ordinary forms 
of tetanus, furnishes a detailed account of these once rare types, and hence appears 
with singular opportuneness. 

The authors deal first with the various forms of cephalic tetanus, particularly 
those associated with facial palsy and ophthalmoplegia, and the account given is 
perhaps fuller and more complete than any that can be found elsewhere. They next 
deal equally fully with the forms of local tetanus of the limbs which heve begun to 
attract attention during the war, end which were previously almost unknown, since 
they appear to occur only in those who have received a prophylactic injection of 
serum. The cases are grouped into the monoplegic and paraplegic types, according 
as one limb or two opposite ones are affected. A single case of local tetanus limited 
to the abdominal and thoracic muscles is recorded. The question of differential 
diagnosis in these unusual forms of tetanus receives a great deal of attention. 

There is a short account of the bacteriology and pathology of the disease, and 
a much longer one on prophylaxis and curative treatment. The authors are inclined 
to pin their faith on the subcutaneous injection of the antiserum in treatment, in 
which we cannot wholly follow them; but every form of treatment is fully discussed. 
The book appears to us an excellent monograph on a subject about which we have 
hitherto known very little, and we can commend it confidently to our readers. 



























REVIEWS AND NOTICES OF BOOKS 553 


The Clinics of John B. Murphy, M.D. June, 1916, London and Philadephia : 

W. B. Saunders & Co. 35:3. net per annum. 
Tus volume of Murphy’s Clinics contains articles upon ulcer of the duodenum and 
jejunum, cholecystitis, tuberculous peritonitis, neoplasm of both kidneys, carcinoma 
of the rectum, etc. The volume is fuil of interesting cases and most valuable com- 
ments and hints. We deeply regret that owing to the death of Dr. Murphy this 
number will be almost the last of its kind. We understand that there is enough 
material in hand, incorporating the latest work of Dr. Murphy, to complete the 
volume for 1916, and the Clinics will then be discontinued. Arrangements, however, 
are being made to replace them by the Surgical Clinics of Chicago. 


**Murpuy’s Ciinics”?: AN APPRECIATION OF JOHN B. Murpuy. 


The publication of these periodicals was a novel and even perilous experiment. 
There are few teachers whose knowledge is so wide, varied, and accurate that a ver- 
batim report of their day-to-day clinical teaching can be read as surgical literature. 
The methods of the operation theatre are not those of the lecture-room. The con- 
stant scrutiny of the details of every operation do not allow the mind to wander, 
and the tongue to be loosened, without risk to the patient. There are clinics, as we 
all know, where an operation is not so much a procedure for the salvation of a patient 
as a text on which to hang @ grave or gay discourse deeling with topics nearly, or 
distantly, or not at all related to the work in hand. Murphy’s methods were, how- 
ever, intensely serious. His manner was dramatic; the voice, at first unpleasing 
by reason of its high pitch and rather harsh and strident character, became at last 
so much associated in the hearers’ mind with the intensity of passion and with the 
earnest impressiveness of the teacher, as to seem the precise organ required for his 
purpose. One felt as one listened to Murphy—whose quick question, whose eager 
suspense for the reply, whose emphatic condemnation or sore disappointment when 
that reply was wrong, were so stirring—that a student, ignorant of that upon which 
Murphy so much desired information, must have known himself guilty of an ethical 
offence against the community for his ignorance of a fact upon which some day a 
patient’s life might depend. There were moments, of course, when these strenuous 
exercises were overdone, and when one could hardly withhold a smile at the banality 
of thought or expression. But, on the whole, taking day with day, and year with 
year, it is probably the simple truth to say that Murphy was the greatest clinical 
teacher of his generation. If his methods lacked something of repose and restraint, 
so also does American life as a whole when compared with our own. Murphy’s 
methods were in some degree, we think, founded upon those of Senn, whose declama- 
tory style was in the lest degree theatrical. 

The first number of the Clinics was startling. The exact record of everything 
said by Murphy led to the insertion of irrelevant comments or questions, and the 
halting and absurd replies of the class. Indeed at first one read this volume for 
amusement rather than instruction, and one feared thet Murphy was jeopardizing a 
great reputation, by what almost seemed like buffoonery. Latterly the editing 
had much improved, while the teaching remained always remarkable for its insight 
and accuracy. By degrees one found that the volumes were quoted as authori- 
tative evidence in many a clinical theatre and surgical discussion. The completed 
series could hardly have been produced, we think, by any other surgeon of our time, 
Kocher and von Eiselsberg perhaps alone excepted. Of Murphy’s place among his 
surgical contemporaries it is, of course, too early to speak, but we venture to predict 
that he will rank as having been, during the last few years of his life, the greatest of 
American surgeons. The development of surgery in America has been amazingly 
rapid. -Schools newly established, as a rule in the larger centres of commerce and 
learning, had their own methods to develop, and were therefore free from the fetters 
of tradition or the restraint of custom. Their leaders sought their models in Europe, 
established solid foundations, and built with great rapidity. Perhaps the most 
remarkable feature, as we see it in this country, of American education, is the 
travelling spirit. Every American surgeon considers it his duty to visit other clinics 
frequently as a part of his training, and to keep himself near the minds and in touch’ 
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with the practice of those who lead in thought or action. And so American surgery, 
in this acquisitive stage, may be said rather to have represented the surgery of many 
schools than to have been a school of its own. In such a period of evolution, originality 
is rare. It is not invention,'so much as imitation, adaptation, modification, and 
exploitation that are most in evidence ; we find renovation rather than innovation. 
From the raw idea which is the product of one man’s mind, another may chance to 
raise the classic example. America has, however, been fortunate indeed in the 
possession of original thinkers—Senn, Halstead, Fenger, Crile, Cushing, and con- 
spicuously Murphy, are names that might be quoted at once as brilliant examples. 
Many judges thought of Murphy that he had the acutest intellect engaged in surgery 
in the world. It was strikingly original, rapid in acquisition, assimilation, and full 
understanding, feminine in its swift intuition, and balanced by a wealth of experience 
which few contemporaries could rival. His researches on the surgery of the vascular 
system, on the nervous system, on intestinal diseases, including his pioneer work on 
appendicitis, his investigations on visceral anastomoses, including the invention of 
the ‘button,’ are only some of the results of a life of unceasing activity in many 
fields. Not all of his teaching was good. To the last he remained an impenitent 
preacher of bad conservative practices in the treatment of carcinoma of the breast. 
and the tremendous weight of his supreme authority was here used on the side of 
reaction—to the sacrifice of many lives. The quality and the quantity of his work, 
however, were superb, the blemishes were few. And so the whole world owes him 
much honour, for he was in truth a great surgeon. 





Oral Surgery: A Treatise on the Diseases, Injuries, and Malformations of the 
Mouth. By W. T. Bropuy, M.D., Chicago. With special chapters by W. H. Cryer. 
M.D., G. H. Maxuen, M.D., W. J. Youncer, M.D., F. W. Batknap, M.D., and 
C.S. Case, M.D. Large 8vo. In 2 vols. Pp. 1090, with 909 illustrations (39 in colour). 
1916. London: Henry Kimpton. 42s. net. 

Oral Surgery, by Dr. Truman Brophy, is published in two volumes, the former 
one being devoted chiefly to the description of diseases in other parts of the body 
than in the mouth. This apparent anomaly is explained by reference to the preface, 
which states that ‘“‘ the first part deals with the principles of surgery. The incor- 
poration of these principles of surgery in the first part of the book has been on behalf 
of the dental student.” All students should benefit by a lucid exposition of the 
principles of surgery, an art in which the great writers of an earlier surgical era 
excelled. The “ principles and practice of surgery” was a favourite title for their 
work, and such classical examples as Erichsen’s text-book will bear re-reading to-day 
for the sake of the style and masterly delineation of surgical principles. 

But the accumulation of details in the evolution of modern surgery has tended 
to the production of text-books in which the overwhelming mass of detail veils from 
the eyes of the student the thread of surgical principles knitting them together. Dr. 
Brophy’s first volume would have been especially welcome as a reversion to the 
earlier style, in which the fundamental principles of surgery received their due 
emphasis, to enable the mass of details to assume their proper perspective as instances 
of great general laws. The high hope of the preface has hardly been fulfilled, and 
it is with a slight sense of disappointment that the first volume is closed. The book 
is rather a survey of many details of ancient and modern surgery, some of them 
inaccurately stated, and others. receiving such undue prominence, that one cannot 
escape the thought that no man can be a complete master of all branches of the 
surgery of to-day. The chapter on injuries and diseases of bones may be taken as 
an instance. An elaborate classification of fractures according to the shapes that 
they may assume is drawn up, the clinical signs and symptoms of their presence for 
the purpose of diagnosis are described in full, and all mention of the use of x rays 
for detecting and classifying them is omitted! In the treatment of compound frac- 
tures the advice is given that they may be “ wired, nailed, or Lane plates applied ” 
(p. 231), a method of treatment that cannot be too emphatically condemned. In the 
section on acute osteomyelitis it is stated that ‘the most common variety found ” 
is where the starting-point is in the medulla. In reality this form is so rare that an 
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accurate description of it has hardly yet found its way into literature, and it is no 
recent discovery of pathology that the starting-point in nearly all cases is the dia- 
physis of the bone. The small paragraph under the antique title “ Scurvy Rickets ” 
seems hardly worthy of inclusion, but a treatise on oral surgery should at least have 
referred to hemorrhages on the soft palate as an early and important diagnostic sign 
where the teeth are not erupted and so the gums are not spongy. These blemishes 
cannot be overlooked when the purpose expressed in the preface is remembered. 

But when the title of the book is considered, much praise can be given to the 
subject matter in which the author is admittedly a master. The account of his own 
operation for the treatment of cleft palate is rich in details, and worthy of close study 
by those interested in the subject, It is only fair to state that it would be unjust 
to attempt to carry out the operation without having read it; the death-rate in 
early cases is frankly stated at 11°78 per cent, and an interesting defence by com- 
parison with infantile mortality figures in Chicago is made. Injuries and diseases 
of the jaws are fully described, with many ingenious appliances for their treatment 
that owe their,origin or improvement to the genius of the author. Much of what is 
written about teeth is outside the province and experience of the surgeon, but the 
chapter on oral infections can be read by everyone with profit. 





The American Year-Book of Anzsthesia and Analgesia. By Various Contributors. 
Editor, F. H. McMecuan, A.M.,.M.D. 4to. Pp. 416. 1916. New York: Surgery 
Publishing Co. 4 dollars. 

Dr. McMECHAN is to be congratulated on a work of such merit that it cannot fail to 

stimulate its readers to increased enthusiasm in one or other of the many topics 

dealt with; he has started the Year-Book on a high standard which it will be 
difficult for any editor to surpass in subsequent volumes. 

The publication contains much that is original, the results of scientific experi- 
mental research, and at the same time it is rich in practical guidance for those who 
are especially concerned in the art of anzsthetizing. 

An example of the refined nature of the experiments involved is found in Prof 
Lillie’s investigations into the effect of anzesthetics upon living cells, whereby he is led 
to attribute the phenomena of narcosis to a decrease in the plasma membrane perme- 
ability, as evidenced by a lowered electrical conductivity. Such research helps to throw 
light upon the mysteries of cerebral function, and tends for progress along rational 
as opposed to empirical lines. We should have welcomed an extension of these in- 
vestigations to the chemico-physiological changes occurring in electrical anzsthesia. 

Bearing more directly on everyday practice is the chapter by Dr. Casto on blood 
changes incidental to anesthesia; the author attaches much importance to the 
hemoglobin content as a factor in rendering a patient a fit subject or otherwise for 
operation, and he quotes a series of cases to illustrate the reduction of the hemo- 
globin percentage which is produced by ether anesthesia. The effects on the blood- 
cells occurring in chloroform, ether, and nitrous-oxide anzsthesia respectively are 
compared, nitrous oxide proving the least harmful, and chloroform the most harm- 
ful agent. 

Dr. Mann, of Rochester, contributes a valuable chapter on shock, in which he 
eliminates a good deal of the confusion so often obtaining in writings on this subject, 
by defining shock not merely as a condition accompanied by low blood-pressure, 
rapid pulse, or irregular breathing (all of which phenomena may be produced by 
the anesthetic itself), but as a condition in which all these three signs are present 
together with pallor of the mucous membranes and an increased susceptibility to 
the effect of the anesthetic. It is of interest that in his experiments he failed to 
produce shock in anesthetized animals by trauma to the abdomen without either 
exposure of the peritoneum, or hemorrhage or trauma of the medullary centres. 
By showing that stimulation of mixed nerves causes a rise in the blood-pressure, 
even in the presence of extreme shock, Dr. Mann claims to disprove the theory that 
shock is due to vasomotor paralysis or exhaustion. 

Dr. Gatch, in his article on circulatory disturbances, makes a very important 
allusion to the untoward effects in this connection which may be caused by too 
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marked a degree of muscle relaxation, and he states that operations in animals and 
man are much better borne under anesthesia so light as to retain muscular tone. 
Further data relating to circulatory phenomena are found in two chapters bv Crile 
and McKesson, but they treat of matters which belong perhaps more to the domain 
of surgery than to that of anesthesia. Crile makes suggestions as to the method of 
ligating large vessels, anc shows that with perfect aseptic precautions arteries may 
be temporarily ligated in order to expedite operating, without risk from clotting ; he 
also expresses strong views on the propriety of certain routine practices as regards 
tying of the carotids. McKesson strikes a note of warning to surgeons in reference 
to the unnecessary production of shock by doing more than is necessary, by super- 
fluous handling of intestine, or by careless packing off with gauze, which latter he 
regards as the most frequent cause of shock in abdominal surgery. 

The well-known theories originated by Yandell Henderson and by Goodman 
Levy are clearly set out in articles by these authors. We are somewhat disappointed 
to find that Levy has not modified his experiments on the subject of ventricular 
fibrillation under light chloroform anesthesia, for the expression * light anesthesia ’ 
is obviously a vague one, and in animals especially may easily be applied to states 
where consciousness is not obliterated ; further investigation, moreover, would be 
welcome from this author in connection with the neutralizing effect which ether in 
various proportions has upon the harmful influence of chloroform. 

The sections on ether-oil anesthesia, on delayed chloroform poisoning, and on 
kidney functions during anesthesia, are valuable additions to the literature on these 
important subjects. 

The last hundred pages of the book are devoted to local anesthesia, in a series of 
articles which are well illustrated and clearly written. A good deal of thought has 
been given to the use of local anesthetics for the control of * after-pain ;° many 
readers will be surprised to find no less an authority than Hertzler declaring against 
** the use of quinine in the peritoneum, after the abdomen is opened, merely for the 
control of after-pain.”’ Nearly all the ordinary operations are dealt with in detail, 
with a minute description of the best method for producing analgesia in each case. 

The interesting nature and the high standard of the matter collected together 
in this. journal is maintained from beginning to end, and for the sake of members of 
the profession and their patients, we hope the work will enjoy the wide circulation 
it deserves. 


Localization by X Rays and Stereoscopy. By Sir JAMES MACKENZIE DAvipson, M.B., 
C.M. (Aberdeen), Consulting Medical Officer, X-Ray Department, Royal London 
Ophthalmic and Charing Cross Hospitals. Large 8vo. Pp. 83, with 61 figures, including 
35 stereoscopic illustrations. 1916. London: H. K. Lewis & Co. Ltd. 7s. 6d. net. 

Tus small handbook gives a clear exposition of the author’s well-known method 
for localization of foreign bodies by means of the xv rays. Just sufficient account is 
given of theoretical considerations as is necessary for the intelligent appreciation of 
the practical work. The value of the stereoscopic pictures, and the method in which 
they should be viewed, are concisely described. The cross-thread method of localiza- 
tion is described in detail, and a special chapter is devoted to its exact application 
to the localization of foreign bodies in the eye and orbit. A number of clear stereo- 
scopic pictures of metallic missiles in situ are appended. 


The Art of Anesthesia. By Pave. J. Fuacc, M.D., New York. Large 8vo. Pp. 341. 
136 illustrations. 1916. Philadelphia and London: J. B. Lippincott Company. 5s. net. 
OneE’s first impression of this publication is that its illustrations are so elaborate as 
to detract from the relative value of the letterpress. But the proof of the pudding is 
in the eating; and on perusing these pages one soon discovers an originality of 
description and a fairness in dealing with important problems which render the 
work not only readable but very helpful. Ether and nitrous oxide receive a generous 
share of sppce, and their various methods of administration are carefully and graph- 
ically described. The author has shown throughout a good appreciation of what 
points are most worthy of accentuation, and we have pleasure in recommending 
this book to all students of anesthesia. 
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